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ABSTRACT
An attem pt w as m ad e  to i s o la te  a toxin fro m  V ic to r g r a in  oa ts  in ­
fe c te d  with H elm in th osp or iu m  v ic to r ia e  which would be s im ila r  to the 
in v itro  toxin  ••victorin" produced  by the fungus.
Three to x in s ,  d e tec ted  by their  inhib ition  o f root growth of  
V ic to rg ra in  and C a m e ll ia  s e e d l in g s ,  w ere  r e c o v e r e d  fro m  plant e x tr a c ts .  
A  n o n sp ec if ic  toxin w as p re se n t  in h ea lth y  plant e x tr a c ts  and two addi­
tional to x in s ,  one sp e c if ic  and one n o n sp e c if ic ,  w ere  r e c o v e r e d  fro m  
d is e a s e d  plant e x tr a c ts .  The toxin of h ea lth y  plant e x tr a c ts  w as co n ­
s is t e n t ly  r e c o v e r e d ,  w h erea s  the other two tox in s  could  not be r e c o v e r e d  
during the su m m er  and e a r ly  fa ll  m o n th s .  The sp e c if ic  toxin w as s im ila r  
to v ic to r in .  It w as heat stab le  at 78° C when acid; it could  be ad sorbed  on 
charcoal;  it w as s p e c if ic  for V ic to rg ra in  and its  to x ic ity  w as m a n ife s te d  
by i t s  inhibition of root grow th .
A  to ta l of 3 ,6 0 0  V ic to rg ra in  and 3 ,4 5 0  A rlington  se e d lin g s  w ere  
sc r e e n e d  with v ic to r in  in an attem pt to obtain se e d lin g s  which would show  
in ter m ed ia te  r e a c t io n s  to H elm in th o sp o r iu m  b light. T h ir ty -s e v e n  
V icto rg ra in  and 100 A rlington  s e e d lin g s  su rv iv ed  the treatm ent with an 
in ter m ed ia te  type of r e a c t io n .  T h ese  s e le c t io n s  show ed vary in g  r ea c t io n s  
to crow n ru st  and m o s t  of the s e le c t io n s  w ere  s u s c e p t ib le .  Grain fro m  
the in ter m ed ia te  s e le c t io n s  and fro m  the next gen eration  w e r e  trea ted  
further with v ic to r in .  Only two of the A rlington  se e d lin g s  continued to
v ii i
show  an in te r m e d ia te  r e a c t io n  to v ic to r in .  It i s  p o s s ib le  that a  c o m p le x  
lo c u s  c o n tr o ls  r e a c t io n s  to cro w n  r u s t  and H . v ic t o r ia e .
ix
INTR O D UC TIO N
The to x in  t h e o r y  o f  p lant d i s e a s e  h a s  b een  d eb ated  b y  p a th o lo g is t s  
fo r  a number o f y e a r s  and h a s  o n ly  r e c e n t l y  g a in ed  m o m e n tu m ,  F o r  the 
m o s t  p a r t ,  the c h ie f  e v id e n c e  fo r  the p r e s e n c e  o f m ic r o b ia l  to x in s  in  
p lant d i s e a s e s  h a s  b een  ob ta in ed  fr o m  s tu d ie s  d e a lin g  w ith  h o s t  r e a c t io n s  
to to x ic  a g e n ts  p r o d u c e d  b y  the p a th o g en  in  cu lture*  H o w e v e r ,  in  m o s t  
c a s e s ,  e v id e n c e  o f th is  type  h a s  not p r o v e d  that the s y m p to m s  in  p la n ts  
a r e  the d ir e c t  r e s u l t  of the tox in  p r o d u c e d  b y  the p a th o g e n . The la c k  o f  
s p e c i f i c i t y  of m o s t  in v i tr o  to x in s  h a s  b e e n  one o f  s e v e r a l  d r a w b a ck s  to  
a c la r i f ic a t io n  of the tox in  th e o r y .
A  tox in  a s s o c ia t e d  w ith  H e lm in th o sp o r iu m  b lig h t  o f  o a ts  h a s  b e e n  
o f  unique in t e r e s t  for  the p a s t  d e c a d e .  T h is  d i s e a s e  i s  c a u s e d  b y  H .  
v i c t o r i a e , a  fungus r e g a r d e d  a s  h ig h ly  s p e c ia l i z e d  b e c a u s e  i t  a t ta c k s  
o n ly  oat v a r i e t i e s  p o s s e s s i n g  th e  V ic to r ia  typ e  of r e s i s t a n c e  to cro w n  
r u s t .  It h a s  b e e n  show n that the fungus w i l l  p ro d u ce  in  c u ltu r e  a tox in  
w h ich  sh o w s  the s a m e  h o s t  s p e c i f i c i t y  and p r o d u c e s  the s a m e  s y m p to m s  
a s  the o r g a n is m .  It h a s  b e e n  r e p o r te d  that e x t r a c t s  fr o m  H . v i c t o r ia e  
in fe c te d  o a t s  p r o d u c e  so m e w h a t  s im i la r  r e a c t io n s  on s u s c e p t ib le  v a r i e t i e s  
a s  d o e s  the in  v i tr o  to x in .  A  p a r t  of the w o r k  r e p o r te d  h e r e in  r e p r e s e n t s  
an a ttem p t to ob ta in  m o r e  d e f in ite  p r o o f  that a tox in  p r o d u c e d  in o a ts  i n ­
f e c t e d  w ith  v i c t o r ia e  i s  s im i la r  to the tox in  p r o d u c e d  b y  the fungus  
in c u ltu r e .
A sso c ia te d  with su scep t ib i l i ty  of oats  to H. v ic to r ia e  is  a h y p er ­
se n s it iv e  V ictor ia  type of r e s i s ta n c e  to crow n r u st .  That the g en es  
governing th ese  two react ion s  a re  c lo s e ly  linked has been  shown by various  
in v e s t ig a to r s .  It has b een  suggested  a lso  that the two rea ct io n s  are  con ­
tro lle d  by a s in g le  gene. Other in v e s t ig a to r s ,  h o w ev er ,  have by various  
m ea n s  obtained m utants in which this linkage was broken. Blight r e ­
s is tan t  m utants have been  obtained which give in term ed ia te  rea ct io n s  
to crow n ru st .  Thus, a m o r e  com p lex  type of in h eritan ce  i s  indicated ,
An attem pt was m ade in th is  study to s c r e e n  su scep tib le  oat v a r ie t ie s  for 
seed lin g s  showing an in term ed ia te  rea ct io n  to v ic to r in ,  which if found, 
would produce additional ev id en ce  for the th eory  of co m p lex  in h er itan ce .
REVIEW  OF LITE R A TU R E
V ic to r ia ,  a v a r ie ty  o f  A vena byzan tin a  G. Kocho , w as  in troduced  
fr o m  Uruguay b y  the United S ta tes  D ep artm en t o f  A g r ic u ltu r e  in 1927. It 
h a s  b e e n  u se d  e x te n s iv e ly  in  b r e e d in g  v a r ie t i e s  r e s i s t a n t  to the  crow n r u st  
o r g a n is m ,  P u c in n ia  coron ata  C orda (7, 15, 23). S e le c t io n s  obtained  fro m  
c r o s s e s  with V ic to r ia  show  a h y p e r s e n s i t iv e  r e a c t io n  to m o s t  r a c e s  o f  
P .  coron ata  in  that the c e l l s  surrounding  the s i t e  of in fec t io n  c o l la p s e  and 
b e c o m e  n e c r o t ic ,  th ereb y  p reven ting  the grow th of the ob liga te  p a r a s i t e  (8 ).
H e lm in th o sp o r iu m  blight of oa ts  c a u se d  by H elm in th o sp o r iu m  
v ic to r ia e  M eehan & M urphy, w a s  f i r s t  o b se r v e d  in  1944 (JL1). T his  fungus  
i s  re g a r d e d  as  h igh ly  s p e c ia l iz e d  s in c e  it  a tta ck s  on ly  the oat v a r ie t ie s  
p o s s e s s in g  the V ic to r ia  type of r e s i s t a n c e  to crow n  r u s t .  At the outbreak  
of the b ligh t,  a p p ro x im a te ly  75 p er  cent o f the a c r e a g e  of o a ts  grow n in  
the U nited S ta tes  was se e d e d  to V ic to r ia  d e r iv a t iv e s .  T his  d i s e a s e  b eca m e  
so s e v e r e  that during 1 9 4 6 -5 0  V ic to r ia  d e r iv a t iv e s  w e r e  r e p la c e d  with r e ­
s is ta n t  Bond d e r iv a t iv e s  (6 , 15, 22).
The d i s e a s e  i s  c h a r a c te r iz e d  by b a s a l  in fec t io n  o f the c u lm s ,  
fo llo w e d  by n e c r o s i s  o f the b a sa l  t i s s u e  and y e l lo w  str ip in g  o f the l e a v e s  
w hich  p r o g r e s s e s  fr o m  the b a se  upward. In o ld er  p la n ts ,  b lack en in g  of  
the n od es  fr o m  abundant sporu la tion  of the pathogen , lodging at the lo w e r  
n od es  and s tr ip in g  o f the l e a v e s  a re  the ty p ica l  sy m p to m s  (11 , 12, 23 , 24).
M eehan and M urphy (12, 13), unable to i s o la te  the fungus fro m
b ligh ted  le a v e s  until a fter  c o m p le te  n e c r o s i s  of the t i s s u e ,  su g g e s te d  that 
the long itud ina l fo l ia r  s tr ip in g  or d isc o lo r a t io n  m igh t  be  due to a to x ic  
su b sta n ce  p rod u ced  b y  the pathogen . T h e se  authors  upon fu rth er  in v e s t i ­
gation  found a to x ic  su b sta n ce  p r e s e n t  in  cu ltu re  e x tr a c ts  of H . v ic t o r ia e . 
T his  to x ic  p r in c ip le  show ed the s a m e  h o st  s p e c i f ic i t y  and p rod u ced  the  
sa m e  sym p tom s a s  did the fungus. T hey  show ed th is  toxin  to be p r e se n t  
a lso  in the m y c e l iu m  o f  the fungus. The tox ic  p r in c ip le  w a s  r e la t iv e ly  
s ta b le  in  that it  w as not d e s tr o y e d  by au toc lav in g  for  30 m in u tes  at 15 lb .  
p r e s s u r e .
L itz e n b e r g e r  (8 ) r e p o r te d  that the tox in  p rod u ced  by H . v ic to r ia e  
in cu ltu re  red u ced  tr a n sp ir a t io n  in oa ts  of both s u s c e p t ib le  and r e s i s t a n t  
gen o ty p es  but p rod u ced  w ilt in g ,  c h lo r o s i s  and n e c r o s i s  on ly  in  s u s c e p t ib le  
g e n o ty p e s ,  L itz e n b e r g e r  a lso  m ad e  s tu d ie s  on e x tr a c ts  fr o m  h ea lth y  oa ts  
and o a ts  in fec ted  with H . v ic to r ia e  and P 0 co ro n a ta . Although h is  r e s u l t s  
w e r e  co n flic t in g  and b a se d  in m o s t  c a s e s  on ind iv idua l opin ion  he  c la im e d  
to have obtained tox in s  (other than h ea lth y  plant toxin) fro m  both H. 
v ic to r ia e  in fec ted  p lants  and P .  coron ata  in fe c te d  p la n ts .  He c la im e d  that  
root d evelopm ent, the b e s t  index for m e a su r in g  the p r e v a le n c e  of the tox in ,  
w a s c o n s is t e n t ly  l e s s  with the plant ex tr a c t  fr o m  d i s e a s e d  p la n ts .  H is  r e ­
su lts  h o w e v e r ,  show ed  no s ig n if ica n t  d if fe r e n c e  in  ro o t  len gth  of p la n ts  
tr e a te d  with d i s e a s e d  plant e x tra c t  and th o se  trea ted  with h ea lth y  plant  
e x tr a c t .  H e s u g g e s t s  that 3F\ coron ata  and H . v ic to r ia e  p rod u ce  c o m p a r ­
ab le  to x in s .
Romanko (19) e x p o se d  s u s c e p t ib le  and r e s is ta n t  oat cu ttings  to
the cru d e  c u ltu r e  f i l t r a t e  of H . v i c t o r i a e . H e w a s  a b le  to r e c o v e r  v ic to r in  
f r o m  th e  e x p o s e d  s u s c e p t ib le  p la n ts  but not f r o m  the r e s i s t a n t  c u t t in g s .
H e w a s  u n s u c c e s s f u l  in  h i s  a t te m p t  to i s o la t e  a s p e c i f i c  tox in  f r o m  d i s e a s e d  
V ic to r g r a in  o a t s  w h ich  h e  had  a r t i f i c i a l l y  in o c u la te d  w ith  H . v i c t o r ia e .
Luke and W h e e le r  (10) in  a m o r e  th orou gh  s tu d y  of the in  v i tr o  
tox in  of fL  v i c t o r i a e ,  d e v i s e d  a h ig h ly  s e n s i t iv e  m eth o d  of b io lo g ic a l  a s s a y  
w h ich  en a b led  th em  to m e a s u r e  q u a n tita tiv e  d i f f e r e n c e s  in  tox in  a c t iv i ty  
w ith  oat s e e d l in g s .  T h ey  found a d ir e c t  c o r r e la t io n  b e tw e e n  p a th o g e n ic i ty  
of c u l tu r e s  o f  H . v i c t o r ia e  and th e ir  a b i l i ty  to p r o d u c e  to x in .  In the  
p a th o g e n ic  c u l tu r e s  the p r o d u c t io n  of to x in  w a s  d ir e c t ly  r e la t e d  to grow th  
o f  the o r g a n is m .  The. m a x im u m  to x in  y ie ld s  o c c u r r e d  s h o r t ly  a f ter  the  
m y c e l i a l  w e ig h t  r e a c h e d  a  m a x im u m ,  thus show in g  the to x in  to b e  a m e t a b o ­
l i c  b y p r o d u c t  o f young a c t iv e ly  g ro w in g  c u l t u r e s .  A  c l o s e  c o r r e la t io n  w a s  
a l s o  found b e tw e e n  pH o f  the m e d iu m  and to x in  a c t iv i t y .  A s  the  pH of the  
m e d iu m  d e c r e a s e d  th e  to x ic  a c t iv i t y  in c r e a s e d  and a s  the pH i n c r e a s e d  
th e  to x ic  a c t iv i t y  d e c r e a s e d .  C u ltu re  f i l t r a t e s  a d ju s ted  to v a r io u s  pH 
l e v e l s  in d ic a te d  that the to x in  w a s  s ta b le  at pH v a lu e s  b e lo w  4  but u n sta b le  
at h ig h e r  pH l e v e l s  and w a s  r a p id ly  d e s tr o y e d  b y  h ea t w hen  n e u tr a l  o r  a lk a ­
l in e .  T h e s e  in v e s t ig a t o r s  w e r e  a b le  to show  the p r e s e n c e  o f two to x ic  
p r in c ip le s  in  th e  c u ltu r e  e x tr a c t  o f  H . v ic t o r ia e ;  a s p e c i f i c  to x in  w h ich  w a s  
at l e a s t  1 0 0 , 0 0 0  fo ld  m o r e  to x ic  to s u s c e p t ib le  o a ts  than to r e s i s t a n t  o a t s ,  
and a s e c o n d ,  n o n - s p e c i f i c  fa c to r  w h ich  in  h igh  c o n c e n tr a t io n s  w a s  to x ic  
to both  s u s c e p t ib le  and r e s i s t a n t  o a t s ,  L uke and W h e e le r  (10) w e r e  ab le
to p a r t ia l ly  p u r ify  the s p e c i f ic  tox in  by a d so r p t io n  on c h a r c o a l  and e lu tion  
w ith  a c id if ie d  a c e to n e  fo llo w e d  b y  s e p a r a t io n  on a c h r o m a to g r a p h ic  c o lu m n .  
T h e s e  au thors  n a m ed  the tox in  " v ic to r in . 11 P u r i f ic a t io n  s tu d ie s  by  P r in g le  
and B raun  (17) show ed  the tox in  m ig h t  b e  a p o ly p e p t id e .  F u r th er  s tu d ie s  
(18) b y  th e s e  au th ors  r e s u l t e d  in a c h ro m a to g ra p h ic  se p a r a t io n  of the 
p u r if ie d  tox in  into two m a t e r ia l s  w ith  d if fe r e n t  Rjp v a lu e s .  The m a t e r ia l  
w ith  the h igh er  R-p va lu e  o f 0. 84 a p p ea red  to be  r e s p o n s ib le  for the to x ic ity  
o f  the tox in . T h ey  c a l le d  th is  m a t e r ia l  " v ic tox in in e"  and gave  it  an e m ­
p ir i c a l  fo r m u la  o f  C 17H 29NO. T h is  v ic to r in  w a s  to x ic  to both r e s i s t a n t  
and s u s c e p t ib le  o a t s .  The se c o n d  p rod u ct  h aving  an R p  va lue o f  0 .6 7  a p ­
p e a r e d  to be a p ep t id e  and a cco rd in g  to the au th ors  m a y b e  r e s p o n s ib le  
for the s p e c i f i c i t y  o f  the tox in .
N u m e r o u s  in v e s t ig a t io n s  h ave  b e e n  m a d e  on the in h e r ita n c e  of  
s u s c e p t ib i l i t y  to H . v ic t o r ia e  and r e s i s t a n c e  to P .  co ro n a ta  of o a ts  o f  
V ic to r ia  p a r e n ta g e .  M urphy and M eehan  (14) r e p o r te d  an ap p aren t c o m ­
p le te  l in k age  b e tw e e n  V ic to r ia  type r e s i s t a n c e  to the cro w n  r u s t  fungus and 
s u s c e p t ib i l i t y  to H.« v i c t o r i a e . T h e s e  in v e s t ig a to r s  found the r e a c t io n  to
v ic to r ia e  to b e  g o v e r n e d  b y  a s in g le  fa c to r  with s u s c e p t ib i l i t y  c o m p le te ly  
dom inant in  the c r o s s e s  s tu d ied .  S tu d ies  b y  L itz e n b e r g e r  (7) on the in ­
h e r i ta n c e  o f  r e a c t io n  to H . v ic t o r ia e  w e r e  in  a g r e e m e n t  with the s in g le  
fa c to r  h y p o th e s is  w ith s u s c e p t ib i l i t y  b e in g  d om inant. L i t z e n b e r g e r  (7 , 8 ) 
h o w e v e r ,  c la im s  to h ave  ob ta in ed  e v id e n c e  w h ich  in d ic a te s  that the sa m e  
gen e  g o v e r n s  r e s i s t a n c e  to c e r ta in  r a c e s  of P .  co ro n a ta  i . e .  , i t  h a s  a 
p le io tr o p ic  e f fe c t .
L itzen b erg er  (8 ) and W heetm an (25) have  shown the V ic to r ia  
factor  for crow n r u st  r e s i s t a n c e  and the two co m p le m e n ta r y  fa c to r s  for  
crow n r u s t  r e s i s t a n c e  fr o m  Bond to be independent. The h y p e r s e n s i t iv e  
type rea c t io n  to r a c e  1 and 45 of the crow n r u s t  fungus w as  in h e r ite d  on 
a s in g le  factor  d if fe r e n c e .  L itzen b erg er  found that the Bond type o f  r e ­
s is ta n c e  w as ep is ta t ic  to the V ic to r ia  type of r e s i s t a n c e  for crow n ru st  
r a c e  1 to which both p a ren ts  w ere  r e s i s ta n t  . F inkner (1) studied r e a c t io n  
of l in e s  fro m  fiv e  c r o s s e s  having V ic to r ia  a s  one p aren t in  an attem pt to 
obtain a factor e p is ta t ic  to the V ic to r ia  com bination  o f crow n r u s t  r e ­
s is ta n c e  and H. v ic to r ia e  su sc e p t ib i l i ty  but w as u n s u c c e s s fu l .  He found 
g en es  e p is ta t ic  to the V ic to r ia  crow n ru st  r e a c t io n  type but none w hich  w as  
e p is ta t ic  to the su sc e p t ib le  r e a c t io n  to _H_. v ic t o r ia e . P o e h lm a n  and 
K in g so lv er  (16) found in 26 oat s e le c t io n s  o r ig in a tin g  fro m  a s in g le  Fg  
plant fro m  a C olum bia x  V ic to r ia -R ic h la n d  c r o s s ,  that p lants  r e s is ta n t  to 
V ic to r ia  b light w ere  in ter m ed ia te  in  re a c t io n  to r a c e  1 and r a c e  45 o f the  
crow n r u st  fungus; p u stu le s  w ere  s m a l le r  and ru st  am ounts l e s s  than on 
su sc e p t ib le  v a r ie t ie s ;  but th e se  s tra in s  did not exhib it the ty p ica l " V ictor ia  
type" r e s i s t a n c e .  S eg regatin g  and su sc e p t ib le  s tr a in s  show ed ty p ica l  
"V ictoria  type" r e s i s t a n c e  to the crow n r u st  fungus. Studies by W elsh  
et. a l .  (26) on the in h er ita n ce  o f  3 c r o s s e s ,  G arry  x  E x e t e r ,  G a rry  x  
Roxton, and Roxton x  R. L . 1987, in d ica ted  that su sc e p t ib i l i ty  to V ic to r ia  
blight i s  dom inant and govern ed  by a s in g le  m ajor  gene; that r e s i s t a n c e  
to r a c e s  4 ,  5, 34A , and 56 of the crow n r u s t  fungus is  dom inant and
g o v e r n e d  by  a s in g le  major g e n e ,  but l in k ed  with s u s c e p t ib i l i t y  to V ic to r ia  
b ligh t;  and that r e s i s t a n c e  to r a c e  4 5 ,  a s  w e l l  a s  r a c e s  1, 2 ,  3 ,  6 , 24 , 3 4 ,  
and 38, w h ich  appear to be  s im i la r  to r a c e  45 in in h e r i ta n c e ,  i s  con d it ion ed  
by 3 dom inant g e n e s ,  one o f  w h ich  i s  a s s o c ia t e d  with s u s c e p t ib i l i t y  to 
V ic to r ia  b l ig h t .  E a r l i e r  w o rk  by R o s e n  (20) m e n tio n e d  the r e c o v e r y  of 
V ic to r ia  d e r iv a t iv e s  w h ich  p o s s e s s e d  an in te r m e d ia te  r e a c t io n  to r a c e  4 5 ,  
and w e r e  la r g e ly  r e s i s t a n t  to H e lm in th o sp o r iu m  b ligh t.
KonzakXS) u sin g  ra d ia t io n  w a s  ab le  to induce  b ligh t r e s i s t a n t  
m u ta n ts  in  s u s c e p t ib le  oat s e l e c t io n s .  H is  r e s u l t s  show ed  that m o s t  of  
the b lig h t  r e s i s ta n t  m u ta n ts  w e r e  s u s c e p t ib le  to the cro w n  r u s t  fu n gu s ,  
thus c o n f ir m in g  g e n e t ic s  s tu d ie s  that had show n e a r l i e r  that the  c h a r a c t e r s  
w e r e  c l o s e l y  l in k ed  in th e ir  in h e r i ta n c e .  O ther m u ta n ts ,  h o w e v e r ,  show ed  
e ith e r  a type 1 , 2 ,  o r  3 r e a c t io n  to r a c e s  5 7 ,  203 and 211 . K on sak  s u g ­
g e s t s  fr o m  t h e s e  r e s u l t s  that a c o m p le x  g e n e t ic  lo c u s ,  p e r h a p s  s im i la r  to 
the R  lo c u s  in m a iz e  stu d ied  by S tad ler  (21), i s  r e s p o n s ib le  for the V ic to r ia  
type r e a c t io n s  to the crow n  r u s t  fungus and to H . v ic t o r ia e .  Ivanoff (2 , 3)
d e v e lo p e d  a la b o r a to r y  or " r a g -d o ll"  m eth od  of t e s t in g  r e s i s t a n c e  of o a ts  to
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V ic to r ia  b l ig h t .  It c o n s i s t s  of co a t in g  the s e e d  of s u s c e p t ib le  oat v a r ie t i e s  
w ith  an a g a r  cu ltu re  of the c a u s a l  o r g a n is m  m ix e d  with w ater  in the p r o ­
p o r t io n  of 1 to 2 ,  k eep in g  the tr e a te d  s e e d s  for  5 to 7 d a y s  in  nr a g - d o i l s M 
at 100 p er  cen t  r e la t iv e  h u m id ity  and at a t e m p e r a tu r e  of 25°  to 30°  C .  
S u sc e p t ib le  s e e d s  thus tr e a te d  e ith e r  do not g e r m in a te  or i f  th e y  do , the  
r a d ic le s  so o n  b e c o m e  n e c r o t ic  and q u ick ly  d i s in t e g r a te ,  w h ile  the r e s i s t a n t  
s e e d s  g e r m in a te  and d eve lop  a s  m o r e  or l e s s  n o r m a l s e e d l in g s .
W h eeler  and Luke (27) u sed  the toxin  produced  by cu ltu res  of H. v ic to r ia e  
to s c r e e n  o a ts  for  m utants r e s is ta n t  to the fungus,, G erm inated  oa ts  of  
two v a r ie t i e s ,  V ic to rg ra in  4 8 -9 3  and F u lg ra in ,  both of which a r e  s u s ­
cep tib le  to H elm in th o sp o r iu m  blight* w ere  drenched  with a so lu tion  of
H. v ic to r ia e  toxin . Oats surv iv in g  th is  trea tm en t w e r e  further subjected  
to in ocu la tion s  with sp o r e s  and m y c e l iu m  of the fungus. F r o m  a to ta l of  
100 bu. of oats  s c r e e n e d ,  973 se e d lin g s  w ere  obtained that su rv iv ed  both  
trea tm en ts  with the toxin  and inocu lation  with H . v ic to r ia e .  Upon e x ­
p o su r e  to p rev a len t  r a c e s  of the crow n ru st  fungus includ ing in ocu la tion s  
with r a c e  4 5 ,  n e a r ly  h a lf  o f  the p lants  w e r e  h igh ly  su sc e p t ib le  to ru s t .
The rem a in in g  p lants show ed r u st  r e a c t io n s  ranging fro m  h igh ly  r e s is ta n t  
to m o d e r a te ly  s u s c e p t ib le .  S im ila r  s tu d ies  by Johnston e t0 a l (4) on s c r e e n ­
ing for  m utants in P a r k ,  A rlin g ton , V ic to rg ra in  4 8 -9 3  and F u lg ra in  v a r i e ­
t ie s  of o a t s ,  show ed that 1 p er  cent of the s e le c t io n s  r e s is ta n t  to H. 
v ic to r ia e  p o s s e s s e d  r u s t  r e s i s t a n c e  equal to or g r e a te r  than that of the 
p a ren ta l v a r ie t i e s .  The r e s u l t s  obtained  in d icated  a m o r e  co m p le x  type  
of in h er itan ce  than s im p le  linked fa c to r s  or p le io tro p ic  e f fe c ts  of a s in g le  
gene a s  p r e v io u s ly  su g g e sted .
M ATERIALS A N D  METHODS
I. P lan t  E x tr a c t  S tud ies
O ats u s e d  for p lan t  e x tr a c t s  w e r e  grow n  under g r e e n h o u se  c o n ­
d it io n s  in  8 and 10 in . p o ts  con ta in in g  s t e r i l e  s o i l .  Ten to 12 oa ts  w e r e  
grow n p e r  p ot. V ic to r g r a in  4 8 - 9 3  w a s  u s e d  a s  the v a r ie ty  s u s c e p t ib le  to 
H e lm in th o sp o r iu m  v ic t o r ia e ,  w h e r e a s  C a m e l l ia  w a s  u s e d  a s  a r e s i s t a n t
v a r ie ty .  G re e n h o u se  t e m p e r a tu r e s  v a r ie d  f r o m  a p p r o x im a te ly  21°  C in  
o
the w in ter  to 26 C and h ig h er  in  the s u m m e r .
Inocu la tion s  w e r e  a c c o m p l is h e d  by  in jec t in g  v ia b le  sp o r e  s u s p e n ­
s io n s  of H . v i c t o r ia e  into the oat c u lm s  w ith  a h y p o d e r m ic  n e e d le 0 The  
p oin t o f  in je c t io n  w as  a p p r o x im a te ly  1 in .  ab ove  the s o i l  l in e .  In m o s t  
c a s e s  the  p la n ts  w e r e  p la c e d  in  a g r e e n h o u se  m o i s t  c h a m b er  for  48 h o u r s ,  
fo llow in g  the in o c u la t io n s  and then r e m o v e d  to g r e e n h o u s e  b e n c h e s .
U s u a l ly  e n t ir e ,  2 to 4 m o n th s  o ld  p la n ts ,  s e v e r e d  about 3 fa. above the  
s o i l  l in e  w e r e  u se d  fo r  ju ic e  e x t r a c t io n s .  In 2 e x p e r im e n ts  the p lant m a t e r ­
ia l  w a s  f r o z e n ,  thaw ed and m a c e r a te d  w ith  a m o r ta r  and p e s t l e  for ju ic e  
e x tr a c t io n .  In the m a jo r i ty  of e x p e r im e n ts  the p lant m a t e r ia l  w a s  p r o ­
c e s s e d  through  a food g r in d e r  and then su b je c te d  to 1 5 ,0 0 0  p s i  for  ju ic e  
e x tr a c t io n .
The b io a s s a y  d e v e lo p e d  by  Luke and W h ee ler  (10) for the in v itr o  
tox in  " v ic t o r in 11 o f  H . v i c t o r i a e , w as em p lo y e d  in  th e s e  s tu d ie s .  T his  
b io a s s a y  w a s  b a s e d  on the fa c t  that o a ts  s u s c e p t ib le  to the fungus a r e
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inh ib ited  in root grow th by v ic to r in ,  w h e r e a s  r e s i s t a n t  o a ts  a r e  not a f ­
fe c te d .  In th e se  s tu d ie s ,  plant e x tr a c ts  w e r e  sub stitu ted  for the in  
v itro  toxin  with the id ea  in m ind  that an in vivo toxin  i f  p r e s e n t ,  m a y  
act s im i la r ly  to v ic to r in  by  inh ib iting  root grow th o f  s u s c e p t ib le  v a r i e ­
t ie s  w ithout a ffec t in g  r e s is ta n t  v a r i e t i e s .  In th is  a s s a y ,  oat g ra in s  of  
a su sc e p t ib le  v a r ie ty ,  V ic to r g r a in  4 8 -9 3  and of a r e s i s t a n t  v a r ie ty ,  
C a m e l l ia ,  w e r e  w ash ed  for 30 m in u te s  in  running tap w a te r ,  p la c e d  in
«r-
m o is t  c h a m b e r s  and incubated  at 27°  C for  48 h o u r s .  At th is  t im e ,  
g ra in s  having r o o ts  a p p r o x im a te ly  5 m m  lon g  w e r e  s e le c te d  for u n i­
fo r m ity  and 7 such  g ra in s  w e r e  p la c e d  in  a standard P e t r i  p la te  c o n ­
ta in ing  5 m l  o f the m a te r ia l  to be a s s a y e d .  T h ese  w e r e  m a in ta in ed  for  
72 h o u rs  at a p p r o x im a te ly  27° C and the lo n g e s t  ro o t  on each  o f  5 m o s t  
u n iform  s e e d lin g s  w as  m e a s u r e d .  A ll  m e a s u r e m e n ts  a r e  e x p r e s s e d  in  
m m . The p r e s e n c e  o f to x in s  and l e v e l s  o f  to x ic  a c t iv ity  w e r e  d e te r m in e d  
by a s sa y in g  s e r ia l  d ilu tion s  o f p lant e x tr a c ts , ,  and p lotting  ro o t  len g th s  
a g a in st  the v a r io u s  d ilu tion  fa c to r s  a s  co m p a red  to the c h eck .
The liqu id  d iluent w as  e ith e r  a c id if ie d  with HCl to a pH of
5 .5  or a c i t r ic  a c id -d is o d iu m  phosphate  buffer hav ing  a pH o f  5 . 5 .  The 
la t te r  c o n s is t e d  o f  2 p a r ts  0. 1 M c i t r ic  a c id  to 3 p a r ts  o f 0. 2 M .d iso d iu m  
p h o sp h a te ,  m ix e d  in 145 p a r ts  o f  w a te r .
II. In term ed ia te  S tudies  
S u sc e p t ib le  oat v a r ie t i e s  u se d  in th e s e  e x p e r im e n ts  w e r e  V ic to r ­
g ra in  4 8 -9 3  and A rlin g ton .
The p r o c e d u r e  u se d  for tox in  production  w as  the sa m e a s  that
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1 2d ev e lo p ed  by  Luke and W h eeler  (10), I s o la te s  H V -5  and 001 w e r e  u se d  
for  toxin  p ro d u ctio n . The toxin  w as con ta in ed  in the cu ltu re  m e d iu m  in  
w hich  th e se  i s o la t e s  w e r e  grow n . The m ed iu m  u se d  w as  m o d if ie d  F r ie s*  
m e d iu m  c o m p o se d  o f  5„ 0 g am m on iu m  ta r tr a te ,  1 .0  g am m on iu m  n itr a te ,
1. 0 g p o ta s s iu m  phosphate  (d ib a s ic ) ,  0. 5 g m a g n e s iu m  sulphate  
(MgSO^.* TH^O), 0. 1 g sod ium  c h lo r id e ,  0 .1 3  g c a lc iu m  c h lo r id e ,  1 m l  
o f  a tr a c e  e lem en t  so lu tion  and a few  m g  of y e a s t  e x tr a c t ,  d i s s o lv e d  in  
1000 m l  o f d is t i l le d  w a te r .  C u ltu res  w e r e  grown in 50 m l  of m e d iu m  in  
250 m l  E r le n m e y e r  f la s k s .  F o llo w in g  s te r i l i z a t io n ,  each  f la sk  w as s e e d e d  
with a 1 m l  m y c e l ia l  su sp e n s io n  of the fungus. The m y c e l ia l  su sp e n s io n  
w as obtained  b y  m a c e r a t in g  an o a tm e a l  agar t e s t  tube cu ltu re  of the fungus  
in  50 m l  o f  F r i e s 1 m e d iu m  in a "Waring b le n d o r .  The s e e d e d  f la s k s  w e r e  
then a llo w ed  to s e t  in s t i l l  cu ltu re  at ro o m  te m p e r a tu r e  for 12 d a y s .  At 
the end of th is  p er io d  the liqu id  fr o m  the cu ltu r e s  w as  c o l le c t e d ,  s tr a in e d  
through s e v e r a l  la y e r s  of c h e e s e c lo th  and kept under r e f r ig e r a t io n  th rou gh ­
out the p er io d  o f study. The ra w  cu ltu re  f i l t r a te  conta in ing  the in v itr o  
tox in , v ic to r in ,  w as em p lo y ed  in  th e s e  t e s t s .
B io a s s a y s  of the cu ltu re  f i l t r a t e ,  a s  p r e v io u s ly  d e s c r ib e d  for  
p lant e x tr a c ts  w ere  m ad e  to d e te r m in e  the a c t iv ity  of the tox in  p r e s e n t  
in  the f i l t r a te .  D ilu tion s  of the tox in  u se d  in the t e s t s  for  in te r m e d ia te s
^Obtained fro m  D r . H . E .  W h ee ler  at L .  S . U. , Baton R o u g e ,  La.
o
^Obtained fr o m  D r .  Luther F a r r a r ,  G eo rg ia  E x p e r im e n t  S tation ,  
E x p e r im e n t ,  Ga.
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w e r e  b a se d  on the 50 p e r  cent l e v e l  o f  ro o t  inh ib it ion  obta ined  through
th e s e  b io a s s a y s o  The cru d e  tox in  in h ib ited  ro o t  grow th  o f  s u s c e p t ib le
-4v a r i e t i e s  50 p e r .c e n t  at the 1 x 1 0  d ilu tio n .
O ats  of the v a r i e t i e s  u se d  w e r e  w a sh e d  fo r  30 m in u te s  in  running  
tap w ater  and then in cu b ated  in  a m o is t  ch a m b er  for  48  h o u r s  at 27°  C .
F i f ty  g r a in s  w ith  r o o ts  a p p r o x im a te ly  5 m m  long  w e r e  p la c e d  in  8 x  1 2 in .  
g la s s  p an s  co n ta in in g  50 m l  of d ilu ted  to x in .  D ilu t io n s  o f  the cru d e  tox in  
to c o n c e n tr a t io n s  o f  1 / 5 0 ,  1 /5 0 0 ,  and 1 /5 0 0 0 ,  w e r e  m a d e  in  tap w a ter  
a c id if ie d  to a pH of 5 . 5 .  The p an s  w e r e  c o v e r e d  w ith  a lu m in u m  fo i l  to 
p rev en t  e v a p o ra t io n  and in cu b ated  at r o o m  te m p e r a tu r e  for 72 h o u r s .  At  
th is  t im e  the su r v iv in g  p la n ts ,  show ing s l ig h t  brow ning  a n d /o r  s l ig h t  
stunting o f  root and shoot s y s t e m s ,  w e r e  s e le c t e d  a s  b e in g  p o s s ib l e  i n t e r ­
m e d ia te  t y p e s .  In m o s t  c a s e s ,  a l l  s e e d l in g s  w h ich  g rew  a s  w e l l  a s  the  
w a ter  c h e c k s ,  w e r e  c l a s s i f i e d  a s  r e s i s t a n t  and d is c a r d e d .
A  to ta l  o f  3 ,6 0 0  g r a in s  o f  V ic to r g r a in  and 3 ,4 5 0  g r a in s  of  
A r lin g to n  w e r e  s c r e e n e d  w ith  v ic to r in  for  in te r m e d ia te  types,, Of the 
V ic to r g r a in  5 0 0 ,  1 ,5 0 0  and 1 ,6 0 0  g r a in s  r e s p e c t iv e ly  w e r e  su b je c te d  to 
the 1 / 5 0 ,  1 /5 0 0  and 1 /5 0 0 0  c o n c e n tr a t io n  o f  v ic to r in .  Of the A r lin g to n  
v a r ie t y  4 5 0 ,  1 ,4 5 0  and 1 ,5 5 0  g r a in s  r e s p e c t i v e l y  w e r e  su b je c te d  to the  
1 / 5 0 ,  1 /5 0 0  and 1 /5 0 0 0  c o n c e n tr a t io n s  o f v ic to r in .  C ounts w e r e  m a d e  on 
the n u m b er  o f p la n ts  in  e a ch  c o n c e n tr a t io n  w hich  show ed  shoot grow th  
a n d /o r  ro o t  g ro w th . M e a su r e m e n ts  in m m  w e r e  m a d e  of r o o ts  and sh o o ts  
o f  the s e le c t io n s  show ing  in te r m e d ia te  r e a c t io n s .
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S e le c te d  s e e d l in g s  w e r e  p otted  s e p a r a te ly  in  3 in .  p o ts  and grow n  
in the g r e e n h o u se  until w e a th e r  con d it ion s  p e r m it te d  th e ir  t r a n s fe r  to the  
f ie ld  in  m id - D e c e m b e r ,  1956. R e a c t io n s  of the p la n ts  to cro w n  r u s t  in f e c -  
t ion  w e r e  taken  on M a rch  3 and A p r i l  13, the f i r s t  y e a r .  E a c h  h ead  of  
g r a in  w a s  h a r v e s te d  s e p a r a te ly  in  June and s to r e d  in  a r e f r ig e r a to r  until  
d o r m a n c y  b r o k e .  The h a r v e s te d  g ra in  w a s  su b jec ted  to tox in  in the fa l l  o f  
1957 , and the m o s t  p r o m is in g  of the o r ig in a l  s e le c t io n s  w e r e  r e ta in e d .  T h e se  
w e r e  p lan ted  in  p o ts  and grow n in  the  g r e e n h o u se  u n til  e a r ly  F e b r u a r y  w hen  
th ey  w e r e  t r a n s f e r r e d  to the f ie ld .  R u st  in fe c t io n  d id  not o c c u r  u n til  h a r v e s t  
t im e ,  so  no r e a d in g s  cou ld  be  m a d e  the se c o n d  y e a r .  G rains fro m  th e s e  
s e le c t io n s  and fr o m  c o n tr o ls  w e r e  h a r v e s te d  s e p a r a te ly .  T hey  w e r e  f r o z e n  
and thaw ed to -b rea k  d o r m a n c y  and t e s t e d  the th ird  t im e  with tox in  of H .  
v ic t o r ia e 0
E X PER IM E N TA L RESULTS
I0 P lan t  E x tra c t  Studies
A . R e c o v e r y  of tox ins  fro m  H . v ic to r ia e  in fec ted  p lants  and h ea lth y  p la n ts .
Four g o f h ea lth y  V ic to rg ra in  oa ts  and 9 g of n a tu ra lly  in fec ted  
V ic to rg ra in  oa ts  w e r e  fr o z e n ,  thawed and m a c e r a te d  with a m o r ta r  and 
p e s t l e .  The ju ic e  w as ex tra c te d  with a c id if ied  w a te r ,  e x p r e s s e d  through  
c h e e s e c lo th  and cen tr ifu ged  at 1700 x  G for  10 m in u te s .  The supernatants  
w ere  a s sa y e d  at 1 / 4 ,  3 /1 6 ,  1 /8 ,  1 /1 6 ,  1 /2 0 ,  1 /2 4 ,  1 /4 0 ,  1 /4 0 0  and 1 /4 0 0 0  
con cen tra tion s  u s in g  V ic to rg ra in  and C a m e ll ia  as  a s s a y  s e e d l in g s .  The 
r e s u lt s  of th is  ex p er im en t  a r e  p r e se n te d  in Table I.
T h ese  r e s u lt s  show that e x tr a c ts  of hea lthy  V ic to rg ra in  p lants  
w ere  to x ic  in h igh  con cen tration s  to both V ic to rg ra in  and C a m e ll ia  s e e d l in g s ,  
with the g rea ter  to x ic ity  on C a m e ll ia .  The to x ic ity  o f h ea lth y  ex tr a c ts  w as  
diluted  out at a con cen tra tion  of 1 /1 6  on V ic to rg ra in ,  w h erea s  a co n c e n tr a ­
tion of 1 /4 0  s t i l l  show ed to x ic ity  on C a m e ll ia .  E x tr a c ts  of d is e a s e d  
V icto rg ra in  in c o m p a r iso n  to the h ea lth y , show a  m u ch  g rea ter  to x ic ity  
to both v a r ie t ie s  with m o r e  pronounced to x ic ity  on V ic to rg ra in .
A  s im ila r  ex p er im en t  w as  conducted  u sin g  7. 3 g each  of V ic to rg ra in  
n a tu ra lly  in fec ted  with H . v ic t o r ia e , h ea lth y  V ic to rg ra in  and healthy  
C a m e ll ia .  S ince h ea lth y  V ic to rg ra in  ex tr a c t  w as m o r e  to x ic  on C a m e ll ia  
s e e d lin g s  than on V ic to rg ra in ,  it  w as  of in te r e s t  to s e e  i f  C a m e ll ia  ex tra c t
15
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Table I„ The effect  of ex tra ct  from, d ise a s e d  and healthy  V ictorgra in  on 
the growth of V ictorgra in  and C a m ell ia  s e e d lin g s .
Cone, o f  
plant 
ex tract
A s s a y  seed lin g s
V ictorgra in C a m ellia
D is e a se d  ext.
root skoot  
length length
H ealthy  ext. 
root shoot  
length  length
D is e a se d  ext.  
root shoot 
length length
H ealthy ext.  
root shoot  
length  length
1 /4 5 21 16 24 7 16 18 22
3 /1 6 5 25 35 40 12 23 22 30
1 /8 12 33 60 47 17 32 28 33
1 /16 41 47 72 52 46 44
1 /2 0 54 50 -« 35 38
1 /2 4 71 50 - - - - 53 47
1 /4 0 61 40 80 50 40 47 45 46
1 /400 70 46 82 50 66 54 - -
1 /4000 57 39 62 40 70 52 - -
Water cont. 70 43 62 43
Table II. The e f fe c ts  of ex tra cts  of h ea lthy  C a m ellia  and V ictorgra in  and 
H. v ic to r ia e  in fected  V ictorgra in  on the root growth of  
V ictorgra in  and C am ellia  s e e d lin g s .
A s s a y  seed lin gs
Cone, of V ictorgra in C am ellia
plant V ic to r g r a in  ext. C a m ellia  ext. V ictorgrain  ex t .  C a m ell ia  ext.
extract d ise a se d healthy healthy d ise a s e d healthy healthy
1 /4 5 14 24 7 14 22
3 /1 6 5 25 34 19 26 34
1 /8 24 34 44 18 30 42
1 /16 56 50 72 43 53 47
1 /2 0 65 80 74 - - 60 58
1 /2 4 65 69 92 51 61 56
Water cont. 81 76
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would be m o r e  to x ic  on V ictor  gra in  than on i t s  own kind. The r e s u l t s  of  
the e x p e r im e n t  a r e  show n in T able  II* The to x ic ity  e f fe c t s  of the  
V ic to r g r a in  e x tr a c ts  on V ic to r g r a in  and C a m e ll ia  s e e d l in g s  c o n f ir m e d  
th o se  obta ined  in the p r e v io u s  e x p e r im e n t .  . H ea lth y  C a m e ll ia  ex tr a c t  
w a s  m o r e  to x ic  on C a m e ll ia  s e e d l in g s  than on V ic to r g r a in .
B . Separation, o f  to x ic  fr a c t io n s  in V ic to r g r a in  e x tr a c ts .
A ttem p ts  w e r e  made to sep a r a te  the to x ic  fr a c t io n s  in the d i s e a s e d  
and h ea lth y  ex tracts*  The methods u se d  by Luke and W h eeler  for p a r t ia l  
p u r if ica t io n  of the in v itro  toxin  of H. v ic to r ia e  w e r e  em p lo y ed  in th is  
study (10).
F if ty -tw o  g o f V ic to r g r a in ,  a r t i f i c ia l ly  in fe c te d  with H. v ic t o r ia e ,  
w a s p a s s e d  through a food gr in d er  and then su b jec ted  to 1 5 ,0 0 0  p s i  for  
ju ic e  e x tr a c t io n .  This m ethod  p ro v e d  s a t i s fa c to r y  for  th e se  p u r p o se s  
and w as u se d  in  a l l  su c ceed in g  e x p e r im e n ts  for  ju ic e  e x tra c t io n s  u n le s s  
o th e r w ise  s ta ted . T w e n ty - f iv e  m l  o f plant ex tr a c t  w as d ilu ted  with 50 m l  
of a c id if ie d  tap w ater  (pH 2) and h eated  to a p p r o x im a te ly  4 5 °  C. One g of  
a c t iv a te d  c h a r c o a l  w as added im m e d ia te ly  to the e x tr a c t .  The m ix tu r e  
w as ag ita ted  and then a l lo w ed  to stand for a p p r o x im a te ly  5 m in u te s .  The 
ch a r c o a l  w as  then r e m o v e d  by  vacu u m  f iltr a t io n  through W hatman #1 
f i l t e r  paper  and w a sh ed  with w a te r .  The c h a r c o a l  f i l t r a te  w as a s s a y e d  
for to x ic ity  on C a m e ll ia  and V ic to r g r a in  s e e d l in g s .  One hundred  m l  of a 
w a rm  m ix tu re  o f  1 part 0 ,1  N HC1 to 9 p a r ts  a c e to n e  w as  added to the  
ch a r c o a l  a s  a e lu en t,  a g ita ted ,  a l lo w ed  to s e t  for a few  m in u tes  and then
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f il te r e d  to r e m o v e  the ch a rco a l .  The eluent was evaporated  under a hood 
at room  tem p era tu re .  Ten m l of buffer solution w as added to the res idu e  
and then a s sa y e d  for to x ic ity  on oat se e d lin g s .
The plant m a te r ia l  after ex traction  w eighed 22 g. Three m l of 
ex tract  rem ain in g  from  part 1 of th is exp er im en t was added to this plant 
m a te r ia l  and sto red  overn ight in a fro zen  condition. The m a te r ia l  was  
allow ed  to thaw and with the u se  of a m ortar  and p e s t le  and sand was  
m a c e r a te d  in 100 m l o f 90 per cent aceton e . The m a te r ia l  w as then 
f i l te r e d  through W hatm an1 # T  f i l te r  paper to rem o v e  the so lid  p a r t ic le s .
The f i l tra te  was added to 40 m l of ethyl ether contained in a sep a ra to ry  
funnel. The funnel was s ligh tly  rotated  to allow  the m a te r ia ls  to m ix ,  and 
60 m l of d is t i l le d  H^O w as added to the m ix tu re .  Two la y e r s  separated:  
a top ethyl ether layer  and a bottom  a ce to n e -w a ter  la y e r .  The 2 la y e r s  of 
solution w ere  sep arated  and evaporated  under a hood and 10 m l of water  
was added to each  r e s id u e .  The su sp en sio n s  w ere  then centr ifuged  at 
1700 x G for 20 m in u tes  and a s sa y e d  for tox ic ity .  The r e s u lt s  of th ese  
experim ents a re  p resen ted  in Tables  III, IV and V.
T h ese  data show that m o s t  of the to x ic ity  of d is e a s e d  V ictorgra in  
extract  r e m a in s  in the ch a rco a l f i l tr a te .  The ch a rco a l how ever d o es  n o t -r e ­
m o v e  a ll  to x ic ity  as  i s  ev idenced  by the 1 /1 0  concentration  of the m a te r ia l  
eluted from  the ch a rco a l.  The 1 /1 0  concentration  of acetone  -HgO re  sidue  
w as a lso  toxic  to both oat v a r ie t i e s ,  w h ereas  to x ic ity  of the ethyl ether  
r es id u e  was v e r y  s ligh t.
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T ab le  III. T o x ic i ty  o f  a c h a r c o a l  f i l t r a te  on V ic to r g r a in  and C a m e l l ia  
s e e d l in g s .
A s s a y C o n cen tra tio n  o f  c h a r c o a l  f i l t r a te h 2o
s e e d l in g s 1 /6 1 /1 2 1 /1 8 1 /3 0 1 /3 0 0 1 /3 0 0 0 co n tr o l
V ic to r g r a in 8 18 23 32 58 60 57
C a m e l l ia 23 32 44 51 76 79 70
T ab le  IV. T o x ic i ty  o f  the m a te r ia l  e lu ted  fr o m  c h a r c o a l  on 
and C a m e ll ia .
V ic to r g r a in
A s s a y C o n cen tra tio n  o f  e lu ted  m a te r ia l h 2o
s e e d l in g s 1 /1 0 1 /1 0 0 1 /1 0 0 0 co n tr o l
V ic to r g r a in  20 60 60 57
C a m e l l ia 33 80 75 70
T ab le  V. T o x ic i ty  of e th y l e th er  and a ceto n e-H ^ O  r e s id u e s  on  V ic to r g r a in  
and C a m e l l ia .
R e s id u e s
A s s a y
s e e d l in g s
C o n cen tra tio n  o f  r e s id u e s  H ? 0  
1 /1 0  1 /1 0 0  1 /1 0 0 0  1 / 1 0 ,0 0 0  c o n tr o l
V ic to r g r a in  51 60 63 72 6.6
ethyl e ther
C a m e l l ia  48 56 73 68 64
V ic to r g r a in  29 59 61 66
a c e t o n e -H 20
C a m e l l ia  31 58 64 65
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E x tra c ts  w ere  m ade from  99 g of V ictorgrain  a r t i f ic ia l ly  in fec ted  
with H. v ic to r ia e  and fro m  82 g o f healthy Victorgrain* A fter the ex tra cts  
w ere  m a d e , 99 and 82 m l  of buffer so lu tion  w as added to the rem ain ing  
plant m a te r ia l  of d is e a s e d  and healthy  V ictorgra in  r e s p e c t iv e ly .  T h ese  
w ere  subjected  again to 1 5 ,0 0 0  p s i  and the bu ffer-p lan t ex tract  was  
c o l le c te d  and a s sa y e d  for tox ic ity .
One half g o f  activa ted  ch arcoa l w as added to 25 m l each o f the 
crude ex tracts;  the m ix tu re  w as then agitated  and a llow ed  to se t  for 15 
m in u tes  at room  te m p era tu re .  The e x tra c ts  at the beginning of the t r e a t ­
m ent w ere  cold , having been under re fr ig e r a t io n  for 3 h o u rs . The c h a r ­
co a l  was rem oved  by f iltra tion  and the f i l tra te  was a s sa y e d  for to x ic ity .
T w enty-five  m l  o f 0. 1 N HC1 w as added to 25 m l of each  extract  
and heated  to ap p rox im ate ly  45°  C. One g of activated  ch a rco a l was added  
to each  ac id if ied  extract  and a llow ed  to se t  for ap p rox im ate ly  5 m in u tes  at 
room  tem p era tu re . The ch arcoa l was rem oved  by f iltra tion  and the f i l ­
tr a te s  w ere  a s sa y e d  for to x ic ity .
The r e su lt s  of th ese  exp er im en ts  a re  shown in Tables VI, VII and 
VIII, P la te s  1 and 2 and F ig u r e s  1 and 2.
The addition o f ch arcoa l fo the cold  e x tra c ts  for 15 m in u tes  r e ­
m o v ed  a ll  the to x ic ity  of the healthy plant ex tract  on V ictorgra in  seed lin g s  
and m o st  o f  its  e ffect  on C a m ell ia ,  The toxic  e ffect of d is e a s e d  V ictorgra in  
extract  w as not rem o v ed  by th is  treatm en t of ch arcoa l as  the data in 
Table 6 show. In th is c a s e  the to x ic ity  again  was grea ter  on V ictorgra in  
seed lin g s  than on C a m ell ia .
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Table VI, T o x ic ity  o f  nonheated ch a rco a l  f i l t r a te s  o f  plant e x tr a c ts  on 
V ic to rg ra in  and C a m e ll ia .
Sou rce  of  
A s s a y  plant C oncentration  o f f i l t r a te s h 2o
se e d lin g s  ex tract 1 /4 1 /6 1 /1 0 1 /1 0 0 1 /1 0 0 0 1 /1 0 ,0 0 0 cont.
d is e a s e d 13 22 25 44 49 40 55
V ic to rg ra in
h ea lth y 52 60 73 79 80 -  -
d ise a s e d 33 41 44 62 62 54 65
C a m e ll ia
h ealthy 50 53 62 71 66 70
Table VII. T o x ic ity  of a c id if ie d , heated  ch a rco a l  f i l t r a te s of plant e x -
tr a c ts  on V ic to rg ra in  and C a m e ll ia .
Source of
A s s a y plant C oncentration  of f i l t r a t e s h 2o
se e d lin g s extract 1 /4 1 /8 1 /1 2 1 /2 0 1 /2 0 0 cont.
d is e a s e d 18 24 40 60 90 82
V icto rg ra in
healthy 37 70 80 89 83
d ise a s e d 34 64 67 74 77 85
C a m e ll ia
h ealthy 33 54 56 69 84
Table VIII. T o x ic ity  o f buffered  plant ex tr a c ts  
C a m e ll ia .
on V ic to rg ra in  and
A s s a y
se e d lin g s
Source o f  
plant 
extr act
C oncentration  of ex tr a c ts h 2o
cont.1 1 /2 1 /4 1 /6 1 /1 0
d is e a s e d 20 29 35 50 63 82
V ic to rg ra in
healthy 31 52 65 73 79
d is e a s e d 14 32 50 59 65 85
C a m ell ia
healthy 19 41 59 57 63
P L A T E  I
T o x ic i ty  of nonheated  c h a r c o a l  f i l t r a te s  of d i s e a s e d  an d  h ea lth y  
p lant e x tr a c ts  on the ro o t  and sh oot  g ro w th  of V ic to r g r a in  
s e e d l in g s .  B uffer  c h eck  at e x tr e m e  le f t .  Upper ro w  f r o m  
l e f t  to  r igh t 1 /4 ,  1 /6 ,  and 1 /9  co n cen tra tio n  of hea lthy  e x tr a c t .  
Bottom, ro w  le f t  to r ig h t  1 / 4 ,  1 /6 ,  and 1 /9  co n cen tra tio n  of 
d is e a s e d  e x tr a c t .
PL A T E  II
T o x ic ity  of nonheated  c h a r c o a l  f i l t r a te s  of d i s e a s e d  and healthy  
plant e x tr a c ts  on the root and shoot grow th  of C a m e ll ia  se e d lin g s  
B uffer  ch eck  at e x tr e m e  le f t .  Upper row  fr o m  le f t  to  r igh t 1 /4 ,  
1 /6 ,  and 1 /9  con cen tra tion  of healthy e x tr a c t .  B o tto m  ro w  le ft  









0= HEALTHY EXT. ON V. 
•  = DISEASED EXT. ON V.
30
A* HEALTHY EXT. ON C. 
4= DISEASED EXT. ON C.
20
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CONC. OF VICTORGRAIN EXTRACTS
F ig u r e  i .  T o x ic ity  o f  non h eated  c h a r c o a l  f i l t r a t e s  o f  d i s e a s e d  and  
h ea lth y  p lant e x tr a c ts  on ro o t  grow th o f  V ic to r g r a in  (V) 





*  70 2
Z







0= HE ALT H Y EXT. ON
•  =DISEASED EXT. ON V. 
A = HEALTHY EXT. ON C.
2 0 4 = DISEASED EXT.  ON C.
1/201 /1 2 / 2 0 01/8
CONC. OF VICTORGRAIN EXTRACTS
1/4
F ig u r e  2. T o x ic ity  of a c id if ie d ,  h eated  ch a r c o a l  f i l t r a te s  o f  p lant  
e x tr a c ts  on V ic to rg ra in  (V) and C a m e ll ia  (C) s e e d l in g s .
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C h a rco a l  when added to a c id if ie d ,  h ea ted  e x tr a c ts  for  5 m in u te s  
did not r e m o v e  a l l  the to x ic ity  o f h ea lth y  e x tr a c ts  but d id  r e m o v e  the  
to x ic  e f fe c t  of d i s e a s e d  e x tr a c ts  oni C a m e l l ia .  D is e a s e d  plant e x tr a c ts  
r e m a in e d  to x ic  to V ic to r g r a in  s e e d l in g s .
S eco n d a ry  p lant e x tr a c ts  m a d e  w ith  buffer so lu t io n  a fter  the in it ia l  
extraction p r o c e s s ,  w e r e  to x ic  to both oat v a r i e t i e s .  The h ea lth y  ex tr a c t  
aga in  w a s  m o r e  to x ic  to C a m e l l ia  w h e r e a s ,  the d i s e a s e d  e x tr a c t  w as  
m o r e  tox ic  to V ic to r g r a in .
C. The e f fe c t s  of v a r io u s  tr e a tm e n ts  on the to x ic ity  o f V ic to r g r a in  
e x t r a c t s .
E x tr a c t s  w e r e  m a d e  fr o m  199 g ea ch  of d i s e a s e d  and h ea lth y  
V ic to r g r a in .  The e x tr a c ts  w e r e  d ilu ted  1 /2  w ith 0. 1 N HC1. The e f fe c t s  
o f  h e a t ,  h ea t  p lu s  the addition o f c h a r c o a l  for  15 m in u te s ,  of the addition  
of c h a r c o a l  to nonheated  e x tr a c ts  for 30 m in u tes  at ro o m  te m p e r a tu r e  and  
the e f fe c t s  o f c h a r c o a l  on e x tr a c ts  for  an  11 hour p e r io d  at a p p r o x im a te ly  
4 . 4 °  C , w e r e  stud ied  and co m p a r e d . The r e s u l t s  o f  th is  e x p e r im e n t  a r e  
p r e s e n te d  in T a b les  IX and X.
T h e se  r e s u l t s  show that h eatin g  o f  the a c id if ie d  e x tr a c ts  did not  
d e s tr o y  e ith er  h ea lth y  plant to x ic ity  or the to x ic ity  o f  d i s e a s e d  e x tr a c ts .
The addition  o f c h a r c o a l  to h e a te d  e x tr a c ts  for  a t im e  in te r v a l  o f  15 
m in u te s  r e m o v e d  the to x ic  e f fe c t  of d i s e a s e d  plant ex tr a c t  on both  
V ic to r g r a in  and C a m e l l ia .  T re a tm en t  o f  the e x tr a c ts  w ith c h a r c o a l  for  
30 m in u te s  at r o o m  te m p e r a tu r e  and for  11 h o u rs  at a p p r o x im a te ly  4 . 4 °  C
rem oved  m o st  of the tox ic  e ffect  of healthy ex tract  on both v a r ie t ie s ;  
d ise a s e d  extract rem ain ed  toxic  (although to a l e s s e r  extent) to both 
v a r ie t ie s  after ch a rco a l treatm ent for 30 m in u te s ,  w h erea s  treatm ent  
for 11 hou rs  with ch a rco a l rem o v e d  m o s t  of the to x ic ity  to C a m e ll ia  but 
not to V ictorgra in .
Table IX. The e ffec ts  o f  v ar iou s  trea tm en ts  o f V ictorgra in  e x tra c ts  on 





T rea tm en ts*
C D
■ , y 
H D H
E x tra c ts* *  
D H D H D
1 /4 18 12 44 51 59 26 54 12
1 /8 52 39 75 75 85 62 73 41
1 /1 2 70 41 90 80 93 70 94 62
1 /2 0 83 51 100 99 111 87 92 71
1 /200 88 87 90 89 93 83 91 78
1 /2000 S3 79 72 92 86 80 79 67
Buffer control 79
* A - heated  to 78° C and f i l te r e d .
B - heated  to 78° G, 1 g o f ch a rco a l added, se t  for 15 m in u tes  and 
f i l te r e d .
C -  1 g of ch arcoa l added to nonheated ex tra ct ,  se t  for 30 m in u tes  at 
room  tem p eratu re  and f i l te r e d .
D - 1 g of ch arcoa l added, s e t  for 11 hours at ap p rox im ate ly  4 . 4 °  G 
and f i l te r e d .
**H -  h ea lth y  extract diluted 1 /2  with 0 .1  N HC1
D - d ise a s e d  ex tra ct  diluted 1 /2  with o. 1 N HC1
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T a b l■» X , The e f fe c ts  of v a r io u s  tr e a tm e n ts  of V ic to r g r a in  e x tr a c ts  on 
to x ic ity  to C a m e l l ia  s e e d l in g s .
C one, o f
tr e a te d




T r e a tm e n ts*
C D
H D H
E x tr a c t s* *  
D H D H D
1 /4 17 22 34 25 41 36 39 10
1 /8 56 31 56 50 62 47 52 57
1 /1 2 63 49 76 74 63 60 57 66
1 /2 0 76 54 80 90 79 82 75 70
1 /2 0 0 82 79 85 85 69 83 72 73
1 /2 0 0 0 86 86 76 75 77 74 82 80
B uffer ^control 85
* A  -  h ea ted  to 78°  C and f i l t e r e d .
B -  h ea ted  to 78° C , 1 g o f  c h a r c o a l  added, s e t  for  15 m in u te s  and 
f i l t e r e d .
C -  1 g of c h a r c o a l  added to nonheated  e x tr a c t ,  s e t  for 30 m in u te s  at 
ro o m  te m p e r a tu r e  and f i l t e r e d .
D - 1 g o f c h a r c o a l  added , s e t  for 11 h o u rs  at a p p r o x im a te ly  4 . 4 °  C 
and f i l t e r e d .
**H - h ea lth y  ex tr a c t  d ilu ted  1 /2  with 0. 1 N HCl
D -  d i s e a s e d  e x tr a c t  d ilu ted  1 /2  with 0 .1  N HCl
The cru d e  cu ltu re  f i l t r a te  o f IT. v ic to r ia e  w a s  tr e a te d  in the  sam e  
m an ner a s  in the p r e v io u s  e x p er im en t  for c o m p a r iso n .  The r e s u l t s  of  
th is  e x p e r im e n t  a r e  p r e s e n te d  in Table XI and F ig u r e  3. The g r e a te s t  
am ount o f  to x ic i ty  w as  r e m o v e d  fr o m  the cu ltu re  f i l t r a te  b y  th e  addition  
o f  c h a r c o a l  for 11 h o u rs  at ap p rox im ate ly  4 . 4 °  C'. H eatin g  did not e f fe c t  
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C O N C .  O F  C U L T U R E  F I L T R A T E
F ig u r e  3. The e f fe c ts  of var iou s  tro a tm en ts  of a crude cu lture  f i l tra te  
of Ho v ic to r ia e  on to x ic ity  to V ic to rg ra in  seedlings,.
A - h eated  to 78° C and f i l t e r e d .
B - heated  to 78° C, 1 g o f  ch a rco a l  added, se t  for a p p ro x i­
m a te ly  15 m in u tes  and f i l t e r e d .
C - 1 g ch a rco a l  added, s e t  for 30 m in u tes  at room  te m p e r a ­
ture and f i l te r e d .
D - 1 g ch a rco a l  added, s e t  for 11 hou rs  at a p p ro x im a te ly  4 . 4 °  C 
and f i l t e r e d .
X - no trea tm en t
The cu lture f i l tra te  w as diluted 1 /2  with 0. 1 N HCl b e fo re  
each  trea tm en t .
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added to the h e a te d  c u ltu r e  f i l t r a te  r e m o v e d  l e s s  tox in  than the o th er  
tw o c h a r c o a l  t r e a tm e n t s .
T ab le  XI. The e f f e c t s  o f  v a r io u s  t r e a tm e n ts  of a  cru d e  c u ltu r e  f i l t r a te  
of H . v i c t o r ia e  on to x ic i ty  to V ic to r g r a in  s e e d l in g s .
C on e , o f
c u ltu r e
f i l t r a te A B
T r e a tm e n ts *
C D E
1 /4 5 5 5 5 5
1 /8 5 7 7 10 5
1 /1 2 5 9 22 32 5
1 /2 0 5 17 46 78 5
1 /2 0 0 5 43 71 64 5
1 /2 0 0 0 5 63 61 5
B u ffer  co n tro l 74
* The cu ltu re  f i l t r a te  w as  d ilu ted  1 /2  w ith  0. 1 N H C l b e fo r e  e a ch  t r e a t ­
m e n t .
A  -  h ea ted  to 78°  C.
B - h ea ted  to 78°  C, o n e  g of c h a r c o a l  ad d ed , s e t  for a p p r o x im a te ly  
15 m in u te s  and f i l t e r e d .
C - 1 g o f c h a r c o a l  ad d ed , , s e t  for  30 m in u te s  at r o o m  te m p e r a tu r e  
and f i l t e r e d .
D - 1 g o f  c h a r c o a l  added , s e t  for  11 h o u r s  at a p p r o x im a te ly  4 . 4 °  C 
and f i l t e r e d .
E  - no tr e a tm e n t .
In another e x p e r im e n t  with plant e x t r a c t s ,  a study w as  m a d e  o f  
the e f f e c t s  of h ea t  a lone and heat p lu s  c h a r c o a l  on the to x ic i ty  of e x tr a c t s  
dilu ted  w ith  tap w a ter  and e x t r a c t s  d ilu ted  w ith  0 ,1  N H C l.  Included  in  
th is  stu d y  w e r e  2 o th er  t r e a tm e n ts  with c h a r c o a l  o f  the e x tr a c t s  d ilu ted
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with 0. 1 N HCl as w e ll  as nontreated  ex tract  check  and a buffer con tro l.  
E x tra c ts  for th is exp er im en t w ere  m ade from  303 g each of healthy and 
d ise a se d  V ictorgra in . The r e s u lt s  of th is  experim ent a re  shown in 
Tables XII and XIII and s e le c te d  r e s u lt s  in F igu re  4.
In the concentrations te s ted  on V ictorgrain  s e e d lin g s ,  hea lthy  or 
natural plant to x ic ity  and a good dea l of the d is e a s e d  plant to x ic ity  was  
d estro y ed  when the e x tra c ts  which w ere  diluted with water w ere  heated.  
C harcoal added to th is  treatm ent rem o v ed  a ll  the to x ic ity  of both  
d ise a s e d  and healthy e x tr a c ts .  T reatm en ts  A , B ,  C , and D w ere  s im ila r  
to prev ious o b se r v a tio n s .  U ntreated  d ise a se d  ex tract  was tox ic  to 
V ictorgra in  at the 1 /2 0 0  concentration  w h erea s  healthy  ex tra ct  was not 
tox ic  at th is  concentration . A  stim ulation  of growth of V ictorgra in  
seed lin g s  occu rred  e s p e c ia l ly  in trea tm en ts  B , C, E , and F .
The d ifferen ce  in to x ic ity  on C a m ell ia ,  b etw een  hea lthy  and 
d ise a s e d  ex tra cts  was too sligh t to be s ign if ican t,  C a m ellia  grew  l e s s  
in a ll  trea tm en ts  than did V ictorgra in  although their  buffer ch eck s  w ere  
s im ila r .
It was thought that perhaps the s tim ulation  of growth shown by  
V ictorgra in  m ight be due to d if feren ces  o f  pH in the variou s  tr e a tm e n ts .  
T reatm en ts  s im ila r  to the p rev io u s  ones  w ere  m ade with d is e a s e d  and 
healthy  ex tra cts  and after each  treatm en t the pH was adjusted to 5. P la n t  
ex tra c ts  w ere  m ade fro m  198 and 151 g r e s p e c t iv e ly  of d is e a s e d  and 
healthy  V ictorgra in , In th is experim ent the plants w ere  fro zen  before  
extractions w ere  m ad e . The pH adjustm ents w ere  m ade with HCl.
32




















| |  = HEALTHY E X T  
□  = DIS EXT.  
g = C O N T R O L  
E
1/12
CONC. OF P L A N T  E X T R A C T S
1/200
A  com p a r iso n  of d ifferent trea tm en ts  of V ictorgra in  ex tra cts  
and their  e ffect  on to x ic ity  to V ictorgra in  s e e d lin g s .
A - heated  to 78° C and f i l te r e d .
B - heated  to 78° C , 1 g of ch a rco a l added, set  for 5 m in u tes
and f iltered .
E - heated  to 78° C and f i l te r e d .
F  - heated  to 78° C, 1 g of ch a rco a l added, set  for 5. m in u tes
and f i l tered .
G - pure ex tract  (no treatm ent)
Treatm ent A  and B w ere  m ade on ex tra c ts  diluted 1 /2  with 
0. 1 N HCl
T reatm en ts  E and F  w ere  m ade on ex tra cts  diluted 1 /2  with 
tap w ater .
429999999999^
Table XII. A  co m p a r iso n  o f d ifferen t tr e a tm e n ts  of V ic to rg ra in  e x tr a c ts  and their  e f fec t  on to x ic ity  
to V ic to rg ra in  s e e d l in g s .
C one, o f A B C
T r e a tm e n ts*
D E F G
plant
e x tr a c ts H D H D H D
E x tr a c ts* *  
H D H D H D H D
1 /4 24 12 56 27 66 30 62 22
1 /8 61 23 75 39 86 92 48 78 49 1011 71 14 5
1 /1 2 78 28 98 59 108 47 94 67 95 48 85 76 25 7
1 /2 0 86 57 107 81 91 52 90 74 91 63 109 85 45 18
1 /2 0 0 84 85 90 78 82 95 86 92 108 77 87 86 77 38
1 /2 0 0 0 70 81 72 70 70 83 72 82 87 60 68 60 77 70
1 /2 0 ,0 0 0 70 70 62 71 77 80 69 79 66 54 67 72 76 67
B uffer con tro l 85
* A - h ea ted  to 78° C and f i l t e r e d .
B -  h ea ted  to 78° C , 1 g o f c h a r c o a l  added , s e t  for  5 m in u te s  and f i l t e r e d .
C -  1 g o f  c h a r c o a l  added, s e t  for  30 m in u tes  at r o o m  te m p e r a tu r e  and f i l t e r e d .
D -  1 g o f  c h a r c o a l  added, se t  for 13 h ou rs  at a p p ro x im a te ly  4 . 4 °  C and f i l t e r e d .
E - sam e a s  trea tm en t  A
F  - s a m e  a s  trea tm en t  B
G -  p u re  e x tr a c t ,  no trea tm en t
T re a tm en ts  A , B ,  C, and D w e r e  m ad e  on e x tr a c ts  d ilu ted  1 /2  w ith 0 ,1  N H C l.  
T re a tm en ts  E  and F  w e r e  m a d e  on e x tr a c ts  d ilu ted  1 /2  w ith  tap w a ter .
**H -  h ea lth y  e x tra c t
D -  d i s e a s e d  e x tra c t
\
Table XIH. A  c o m p a r iso n  of d ifferen t  tr e a tm e n ts  o f V ic to r g r a in  e x tr a c ts  and th e ir  e f fe c t  on to x ic ity  
to C a m e ll ia  s e e d l in g s .
C one, of A B C
T r e a tm e n ts*
D E F G
plant
e x tr a c ts H D H D H D
E x tr a c t s* *  
H D H D H D H D
1 /4 24 18 50 33 58 42 45 36 35 23 36 25 - - - -
1 /8 43 33 58 46 50 60 65 51 41 38 57 41 21 12
1 /1 2 50 40 65 56 66 77 71 70 46 38 64 43 41 41
1 /2 0 63 60 77 64 69 57 76 70 46 38 65 49 37 34
1 /2 0 0 81 65 76 73 82 76 77 78 66 63 69 57 68 68
1 /2 0 0 0 70 74 66 60 80 69 74 83 72 68 72 63 69 62
1 /2 0 ,0 0 0  
B uffer  con tro l
67
72
66 66 77 84 79 68 80 72 63 63 63 64 66
* A  - h ea ted  to 78° C and f i l t e r e d .
B - h ea ted  to 78° C, 1 g of c h a r c o a l  added, s e t  for  5 m in u tes  and f i l t e r e d .
C -  1 g of c h a r c o a l  added, s e t  for 30 m in u te s  at r o o m  te m p e r a tu r e  and f i l t e r e d .  
D -  1 g o f  c h a r c o a l  added, s e t  for  13 h o u r 3 a t a p p r o x im a te ly  4 , 4  C and f i l t e r e d .  
E -  sam e a s  trea tm en t  A .
F  -  sa m e  a s  tr e a tm e n t  B 
G - p u re  e x tr a c t ,  no trea tm en t
T re a tm en ts  A , B ,  C and D w e r e  m ad e  on e x tr a c ts  d ilu ted  1 /2  w ith 0, 1 N H C l.  
T r e a tm e n ts  E  and F  w e r e  m a d e  on e x tr a c ts  d ilu ted  1 /2  w ith  tap w ater ,
**H - h ea lth y  ex tra c t
D - d is e a s e d  ex tra c t
T able XIV. The e ffe c t  o f V ic to rg ra in  e x tr a c ts  on V ic to rg ra in  se e d lin g s  fo llow in g  v a r io u s  tre a tm e n ts
and a pH ad ju stm en t to 5 .
C one, o f A B C
T r e a tm en ts*
D E F G
plant
e x tr a c ts H D H D H D
E x tr a c ts* *  
H D H D H D H D
1 /8 44 33 63 39 72 46 76 ' 58 100 80 43 23 62 58
1 /1 2 65 53 71 65 100 74 71 61 116 82 69 50 72 81
\
1 /2 0 76 78 90 83 112 97 82 65 109 112 74 73 92 83
1 /2 0 0 88 84 81 86 119 97 90 82 96 108 .86 104 101 94
1 /2 0 0 0 88 80 89 92 81 83 82 87 85 83 96 92 81 82
1 /2 0 ,0 0 0  
B uffer con tro l
81
85
82 84 80 70 71 86 87 83 83 81 85 70 68
* A  - h ea ted  to 78° C and f i l t e r e d ,
B - h ea ted  to 78° C , . 5 g of c h a r c o a l  added , s e t  for  5 m in u te s  and f i l t e r e d .
C -  c h a r c o a l  added, s e t  for  30 m in u te s  at ro o m  te m p e r a tu r e  and f i l t e r e d .
D - s a m e  a s  trea tm en t  A .
E  - s a m e  a s  treatm ent B .
F  - no tr e a tm e n t .
G - no tr e a tm e n t .
T r e a tm e n ts  A , B ,  C , and F  w e r e  m ad e  on e x tr a c ts  d ilu ted  1 /2  w ith  0. 1 N H C l.  
T re a tm en ts  D, E  and G w e r e  m ad e  on e x tr a c ts  d ilu ted  1 /2  w ith tap w a te r .
**H -  h ea lth y  e x tra c t
D - d is e a s e d  ex tra ct
T able XV. Tbe e ffe c t  of V ic to rg ra in  e x tr a c ts  on C a m ellia  se e d lin g s  fo llo w in g  v a r io u s  tr ea tm en ts
and a pH ad ju stm en t to 5 .
C one, o f  
plant  
e x tr a c ts
A B C
T reatm en ts*
D E F G
H D D H D
E x tr a c ts* *  
H D H D H D H D
1 /8 27 25 33 35 45 34 44 46 76 55 25 28 41 25
1 /1 2 38 40 55 44 53 52 66 57 ,76 64 45 41 57 48
1 /2 0 52 49 61 55 60 66 66 65 80 69 60 64 58 63
1 /2 0 0 75 66 76 72 78 74 67 66 85 77 78 84 74 71
1 /2 0 0 0 72 84 74 72 74 84 69 61 72 59 80 68 77 78
1 /2 0 ,0 0 0 77 71 72 75 75 85 67 76 66 65 67 72 71 75
B uffer con tro l 73
* A  - h ea ted  to 78° C and f i l t e r e d .
B - h ea ted  to 78° C , c h a r c o a l  added, s e t  for 5 m in u te s  and f i l t e r e d .
C -  c h a r c o a l  added , s e t  for 30 m in u tes  at r o o m  te m p e r a tu r e  and f i l t e r e d .
D - sam e a s  trea tm en t  A .
E - sa m e  a s  trea tm en t  B .
F  - no tr e a tm e n t .
G - no tr e a tm e n t .
T re a tm en ts  A , B ,  C and F  w e r e  m ad e  on e x tr a c ts  d ilu ted  1 /2  w ith 0. 1 N H C l.  
T r e a tm e n ts  D , E and G w e r e  m ad e  on e x tr a c ts  d ilu ted  1 /2  w ith  tap w a ter .
**H - h ea lth y  e x tra c t
D -  d is e a s e d  ex tra c t
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R e s u lts  of th is  e x p er im en t  (T ab les  XIV and XV) show that to x ic ity  in the  
d is e a s e d  ex tra ct  w as n e g l ig ib le  on C a m e ll ia  and on ly  s ligh t on V ic to r ­
g ra in . This ex p er im en t  w as conducted  in June and a ll  su c c e e d in g  a t ­
tem p ts  during the su m m er  and fa ll  to r e c o v e r  to x ic ity  o f d is e a s e d  
e x tr a c ts  on C a m ell ia  and V ic to r g r a in  fa i le d .  It w as  not until N ovem b er  
that to x ic ity  was again  r e c o v e r e d  fro m  d is e a s e d  V ic to rg ra in .
An ex p er im en t  w as conducted  la te  in th e se  s tu d ies  to d e term in e  
the to x ic ity  of d i s e a s e d  V ic to rg ra in  at 2 ,  3, 5 ,  and 7 d ays  a fter  in o c u la ­
tion with H . v ic to r ia e .  The r e s u l t s  of th is  ex p er im en t  a r e  shown in  
T a b les  XVI and XVII. This ex p er im en t  was not rep ea ted  due to l im ite d  
t im e .
Two days after  in o cu la tio n s  w e r e  m ad e  th ere  w e r e  no s tr ip in g  
sy m p to m s in the p lants  u se d  for e x tr a c t io n s .  On the th ird  day,  
sym ptom s of str ip ing  w e r e  appearing and by the fifth  and seventh  days  
w ere  v e r y  p rom in en t.  Som e in c r e a s e  in to x ic ity  of the ex tr a c t  w as  
ev ident on the second  day follow ing inocu la tion  and th is  grad u ally  in ­
c r e a s e d  through the fifth day. The amount o f to x ic ity  shown by the 
e x tra c t  on the seven th  day w as som ew hat l e s s  than the amount shown  
on the fifth day.
T o x ic ity  on C a m e ll ia  w as som ew hat e r r a t ic ,  on ly  on the fifth day  
w as th ere  any s ig n if ica n t  d if fe r e n c e  o v er  that of the h ea lth y  e x tra c t  
(0 d ays) .
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Table XVI. T o x ic ity  o f V ic to r g r a in  e x tr a c ts  on V ic to rg ra in  s e e d l in g s  
at 2, 3, 5, and 7 d ays a fter  in ocu la tion  with H . v ic to r ia e .
C one, o f Tim e in d ays 1
e x tr a c ts 0* 2 3 5 7
1 /2 11 7 5 5 5
1 /3 27 25 32 18 20
1 /5 55 47 36 23 28
1 /7 64 47 47 34 45
1 /1 0 83 65 49 43 45
1 /1 0 0 _ _ _ _ 82 83 76
1 /1 0 0 0 - - 66 83
B uffer  co n tro l 108 107 95 74 85
^N oninoculated  ch eck
Table  XVII. T o x ic ity  of V ic to r g r a in  e x tr a c ts  on C a m e ll ia  
2, 3 , 5  and 7 days a fter  in ocu la tion  with H.
s e e d l in g s  at  
v ic to r ia e .
C one, of T im e in days
e x tr a c ts 0* 2 3 5 7
1 /2 10 7 13 5 8
1 /3 29 28 26 9 23
1 /5 34 25 33 20 43
1 /7 42 40 37 34 37
1 /1 0 45 49 40 56
1 /1 0 0 66 73 77
1 /1 0 0 0 _ _ 84
B uffer  con tro l 73 73 85 74 80
*N oninoculated  ch eck
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II. S tudies  of In term ed ia te  R eaction s  to V ictorin
F r o m  a tota l of 3 ,6 0 0  se e d lin g s  o f  V ictorgra in  and 3 ,4 5 0  of  
A rlington  subjected  to 1 /5 0 ,  1 /5 0 0  and 1 /5 0 0 0  con cen tration s  of v ic to r in ,  
37 V ic to rg ra in  and 100 A rlington  se e d lin g s  show ed an in te r m e d ia te  r e ­
action  to v ic to r in .  T w en ty -th ree  A rlin gton  se e d lin g s  show ed growth  
equiva lent to the co n tro l,  and w e r e  th e r e fo r e  c la s s i f i e d  a s  r e s is ta n t  
and d isc a r d e d .  Although th ere  w ere  3 c l a s s e s  o f su r v iv o r s ;  th o se  with  
(1) shoot growth on ly , (2) root growth o n ly  and (3) both shoot and root  
grow th , on ly  c l a s s e s  2 and 3 {those su r v iv o r s  having root growth beyond  
the o r ig in a l  5 cm ) w e r e  s e le c te d  as  p o s s ib le  in te r m e d ia te s .  Table XVIII 
show s the n u m b ers  and per cent of su r v iv o r s  in both v a r ie t ie s  at the 3 
co n cen tra tio n s  of v ic to r in .
Table XVIII. Data on su r v iv a l  o f  V ic to rg ra in  and A rlington  se e d lin g s  su b ­
je c te d  to v ic to r in .
C one, of
v ic to r in  V a r ie ty
Total g ra in s  No. and % of su r v iv o r s  S e le c t ,
te s te d  shoot shoot & root roo t  m ade
1 /5 0
1 /5 0 0
1 /5 0 0 0
V ictorgra in 500 23(4. 6%) 0(0.0%) 0(0.0%) 0
A rlington 450 40(8 . 8%) (5(1.4%) 2(0.4%) 7
V ic to rg ra in 1 ,5 0 0 213(14.2% ) 2 ( 0 .1 3 $ o © o 2
A rlington 1 ,4 5 0 268(18.. 5%) 25(1.7%) 3(0. 2%) 28
V ic to rg ra in 1 ,6 0 0 221(13. 8%) 35(2. 2%) 0(0. 0%) 35
A rlington 1 ,5 5 0 314(20. 2%) 62(4. 0%) 3(0,19%) 65
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T h ir ty -tw o  o f the V ic to r g r a in  s e le c t io n s  and 71 o f the A rlin g ton  
s e le c t io n s  w e r e  su b jected  to further  s tu d ie s .  The shoot and root len g th s  
of ea ch  ind iv idual s e le c t io n  a fter  the tox in  trea tm en t and the r e a c t io n s  o f  
th e se  p la n ts  to crow n  r u s t  in fec t io n  a r e  shown in  T a b les  XIX and XX.
The f i r s t  read in g  of r u s t  r e a c t io n  of the p lan ts  w as  m a d e  on 3 / 1 1 / 5 7  and 
the secon d  read in g  on 4 / 1 3 / 5 7 .
Of the 2 V ic to rg ra in  p lan ts  su r v iv in g  the 1 /5 0 0  co n cen tra tio n  o f  
v ic to r in ,  1 show ed  a p u stu le  o f  type 4 and the o th er  type 5. Of the 28 
p la n ts  su r v iv in g  the 1 /5 0 0 0  co n cen tra tio n  o f  v ic to r in ,  none show ed  a 
p u stu le  type 5 , 1 0 .7  p er  cent show ed  a p u stu le  type 4 ,  7 1 .4  p e r  cent  
show ed  a p u stu le  type 3, 10. 7 p er  cent show ed  a p u stu le  type 2, and
7. 1 p er  cent had a p u stu le  type 1; no p lan ts  show ed  a 0 or  im m u n e r e ­
a c t io n .
Of the A r lin g to n  p lan ts  su r v iv in g  the 1 /5 0  co n cen tra t io n  of  
v ic to r in  a l l  5 had a p u stu le  type  of 5. Of th o se  18 su r v iv in g  the 1 /5 0 0  
co n cen tra tio n  o f  v ic to r in ,  61. 1 p er  cent had a p u stu le  type 5, 22. 2 p er  
cent had a p u stu le  type 4 and 16. 7 p er  cen t  had a  p u stu le  type 3. Of the  
39 p lan ts  su r v iv in g  the 1 /5 0 0 0  c o n cen tra t io n  o f v ic to r in ,  28 p er  cen t  
show ed a p u stu le  type 5, 38. 2 p er  cent show ed a p u stu le  type 4 ,  30. 8 
p e r  cen t  had a p u stu le  type 3 and 2. 5 p er  cen t  had a p u stu le  type 2J no 
A rlin g to n  p lan ts  show ed  p u stu le  typ e  1, 0 or an im m u n e r e a c t io n .
G ra in s  h a r v e s te d  fr o m  t h e s e  s e le c t io n s  w e r e  su b jec ted  to v ic to r in  
in the fa l l  o f  1957. S eed  se t  w as  poor and g e rm in a tio n  w as  v e r y  lo w , so  
on ly  l im ite d  data cou ld  be ob ta in ed . Of the V ic to r g r a in  s e le c t io n s ,  the
41
Table XIX, M ea su rem en ts  in m m  of the shoot and root growth of
V ictorgra in  seed lin g s  showing an in term ed ia te  reaction  to 
v ic to r in  and their subsequent r ea c t io n s  to crown rust  
in fection .
Cone, of  
v ic tor in
R eactions to crow n rust
Length of % in fection  % le a f  a rea  P u stu le  ty p e: 




15 6 45 95 35 30 4 4
45 40 90 99 60 80 4 5
25 32 80 98 50 20 3 3
19 24 70 r- — 75 2 died
16 32 75 99 30 15 4 3
10 23 50 99 25 15 3 3
20 35 80 65 20 15 3 1
12 20 80 90 30 10 3 3
20 20 90 98 40 15 3 3
10 30 75 100 20 20 3 1
20 20 50 98 20 20 3 2
30 30 90 99 30 30 4 2
30 30 80 99 20 30 4 3
45 35 90 96 - 30 20 5 3
10 30 50 99 20 25 5 3
30 25 75 90 35 20 4 3
20 30 50 90 25 10 3 3
10 35 75 90 20 25 3 3
30 25 90 95 30 50 4 4
15 30 75 95 15 20 4 3
15 25 50 90 10 30 3 3
10 15 80 99 25 35 4 3
10 15 35 98 25 40 4 3
12 35 40 95 25 25 4 3
12 40 50 85 15 15 3 3
10 20 65. 90 15 20 4 2
15 40 died
13 40 75 90 10 25 3 4
10 32 50 98 25 35 3 4
10 35 40 95 15 30 3 3
35 50 25 98 35 30 4 3




Table XX, M ea su rem en ts  in m m  of the shoot and root grow th o f
A rlington  se e d lin g s  show ing an in ter m ed ia te  re a c t io n  to 
v ic to r in  and th e ir  subsequent r e a c t io n s  to crow n r u s t  
in fec tion .
R ea c t io n s  to crow n r u st
C one, of  
v ic to r in
Length of % in fec tion % le a f  a rea P u s tu le  type
root shoot 3 /11 4 /1 3 3 /11 4 /1 3 3 /11 4 /1
1 /5 0 60 8 80 100 70 85 4 5
f t 10 0 25 100 20 90 4 5
t l 50 20 20 99 20 45 5 5
I I 18 0 70 98 20 65 3 5
I I 25 5 50 95 20 35 4 5
1 /5 0 0 15 23 45 80 30 35 3 4
II 15 25 10 90 30 35 3 4
II 82 28 90 100 75 90 5 5
I t 40 30 97 100 70 60 4 . 5
« 60 35 70 100 75 80 5 5
I I 45 45 95 100 60 95 5 5
11 25 25 90 100 70 90 5 5
I I 25 10 70 100 30 50 ' 5 5
f t 25 0 90 100 60 90 5 5
I t 25 0 60 90 40 90 5 5
I t 20 15 20 100 20 50 5 5
I I 30 3 50 100 25 90 5 5
I I 9 10 35 95 10 30 3 4
t t 20 35 5 98 5 30 2 3
t r 12 20 15 97 10 40 4 4
i t 30 35 15 97 15 25 4 3
t t 50 0 90 100 15 95 5 5
i t 10 20 70 90 15 15 3 3
1 /5000 34 8 90 100 75 75 5 5
II 85 37 30 99 75 75 5 5
11 68 38 95 100 75 96 5 5
I I 30 40 10 85 30 30 3 3
I I 25 30 30 90 5 30 3 4
I I 20 20 died
I I 25 35 10 90 15 30 3 4
I I 30 25 70 100 30 95 4 5
t t 20 25 died
I t 45 0 died
1! 30 3 80 99 20 50 5 5
I t 20 0 20 99 10 30 4 3
11 20 20 60 98 30 30 3 3
I t 15 25 30 95 30 35 4 4
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Table XX. Continued.
R ea ctio n s  to crow n ru st
C one, of  
v ic to r in
Length o f % in fec tion % le a f  a rea P u stu le  ty p e:=
’oot shoot 3 /1 1 4 /1 3 3 /11 4 /1 3 3 /1 1 4 /1 3
20 20 10 90 10 25 3 3
20 25 10 97 10 30 4 4
35 25 10 95 10 15 3 3
15 35 15 90 10 10 2 2
35 . 35 died
25 25 10 90 10 15 2 3
20 25 died
20 25 40 96 20 25 4 3
15 20 10 90 10 15 3 4 .
25 30 5 95 5 15 3 4
15 35 5 90 5 15 3 4
10 30 5 95 5 15 3 4
15 30 5 90 ' 5 30 3 4
20 30 5 90 5 30 2 3
15 15 10 95 10 35 2 4
55 30 25 99 15 50 5 5
15 0 10 95 10 35 1 4
5 25 died
20 20 75 100 40 95 4 5
15 25 70 100 40 95 5 5
8 20 died
10 25 30 85 20 15 3 3
25 2 60 100 10 90 4 5
25 0 80 100 50 90 5 5
15 0 80 100 45 90 4 5
25 30 1 97 1 35 2 4
20 25 5 90 5 •20 2 4
10 30 5 97 5 30 2 3
20 40 5 97 5 20 3 4
30 30 5 97 5 20 2 3
15 0 died
30 40 10 95 10 30 4 3
7 25 10 95 10 35 4 4
1 /5 0 0 0
g ra in s  fr o m  14 p lan ts  w e r e  r e  s e le c te d  and 29 of the A r lin g to n  p lants  
w e r e  r e s e l e c t e d  for  further  s tu d ie s .  The g r a in s  fr o m  th e se  r e s e l e c ­
t io n s  h a r v e s te d  in  June of 1958 w e r e  su b jec ted  to victorin ,, G e r m in a ­
tion  again  w a s  poor and the amount of gra in  obta ined  w as sm all*  An 
u n id en tif ied  d i s e a s e  sw ept through the o a ts  in A p r il  and M ay, and a l ­
though the p la n ts  su r v iv e d ,  m a n y  w e r e  g r e a t ly  a f fec ted  by  the d i s e a s e .  
Sym ptom s w e r e  v e r y  s im i la r  to the f le c k in g  r e a c t io n  p rod u ced  by o a ts  
im m u n e  to r u s t .  A t a d is ta n c e  the f ie ld  o f  o a ts  look ed  h e a v i ly  in fec ted  
with r u s t ,  but c lo s e r  exam in ation  r e v e a le d  the a b se n c e  o f p u s tu le s  and 
s p o r e s .  The ir r e g u la r  le s io n s  w e r e  f i r s t  w ater  soaked  d e p r e s s io n s  
w hich  la te r  b eca m e c h lo r o t ic  and then n e c r o t ic .  A ttem p ts  to i s o la t e  an 
o r g a n ism  fr o m  the l e s io n s  and to t r a n s fe r  the d i s e a s e  by  spray ing  ju ic e  
fr o m  d i s e a s e d  p lants  onto h ea lth y  t i s s u e  w hich  had p r e v io u s ly  been  
rubbed with carborundum  fa i le d .  The l e s io n s  o c c u r r e d  on a l l  o f  the  
above ground p a rts  of the p lan t.
In the f in a l t e s t ,  none o f  the Y ic to r g r a in  p lants  ap p eared  to be 
in te r m e d ia te .  The r e s u l t s ,  h o w e v e r ,  a r e  q u est io n a b le  b e c a u s e  o f  poor  
se e d  g erm in a tio n  and poor grow th of the s e e d l in g s .  Two o f  the A r lin g to n  
s e le c t io n s  ap p eared  to be r e s i s t a n t  to v ic to r in ,  w h e r e a s  2 s e le c t io n s  a p ­
p e a r e d  in te r m e d ia te  in th e ir  r e a c t io n  to v ic to r in .  Four s e le c t io n s  w e r e  
doubtful and a l l  o th e r s  w e r e  e ither  s u s c e p t ib le  or e l s e  g e r m in a tio n  w as  
so  poor they  cou ld  not be s tu d ied . Enough g ra in s  w e r e  s e t  a s id e  fr o m  
each  s e le c t io n  so that further  s tu d ie s  cou ld  be m ad e  and th e r e fo r e  m o r e  
c o n c lu s iv e  e v id en ce  obta ined .
DISCUSSION AND CONCLUSIONS
I. P lant E xtracts
The data obtained in th ese  stud ies indicate 3 toxic  com ponents in 
ex tracts  of V ictorgrain  plants in fected  with_H. v ic to r ia e .  T h ese  c o m ­
ponents are; (1) a n on sp ec if ic  toxin found co n s is ten tly  in healthy plant 
extracts}  (2) an additional n on sp ec if ic  toxin form ed  in the d is e a s e d  e x ­
tract  and (3) a toxin form ed in d ise a se d  plant ex tracts  which is  spec if ic  
to V ictorgrain . In th ese  stud ies  the natural plant tox ic ity  and the non­
sp e c if ic  toxin w ere  sep arated  from  the sp ec if ic  toxin by the u se  of c h a r ­
coa l.  H ow ever , the sp ec if ic  toxin was adsorbed onto ch arcoa l when the 
extract was heated , the charcoa l added and the m ixture  a llow ed  to set  
for 15 m in u tes .  This ind icates  that the affin ity  of the sp ec if ic  toxin for 
ch arcoa l i s  l e s s  than that of the natural plant toxin and the n on sp ecif ic  
toxin , but under certa in  conditions w ill  be adsorbed on ch arcoa l.  It was  
noticed  that rem ova l of the natural plant toxin from  the ex tra cts  resu lted  
in a stim ulation  of growth of the V ictorgrain  seed lin g s .  The p r e se n c e  of 
the natural plant toxin m u st th ere fo re  m a sk  a stim ulatory  m a te r ia l  which  
i s  a lso  p r e se n t  in the ex tra ct .  Thus, when the natural toxin is  rem oved  
the s t im u latory  m a te r ia l  i s  a llow ed to e x p r e s s  its  e ffect .  This s t im u la ­
tion of growth o ccu rs  only with the V ictorgrain  seed lin gs  and not with the 
C am ellia .  This ind icates  that it m a y  be sp ec if ic  in its  action.
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The e x tr a c ts  when d iluted with tap w ater and heated  lo s t  m o r e  of  
the ir  to x ic ity  than when d iluted with 0. 1 N HC1 and heated . C harcoal  
when added for 5 m in u tes  to d is e a s e d  e x tr a c ts ,  d iluted with w ater  and 
h eated , rem o v ed  m o s t  o f  s p e c if ic  tox in , w h erea s  the sam e trea tm en t  
of ex tr a c ts  d iluted with 0 ,1  N HC1 did not. This i s  probab ly  due to a 
h igher activation  and th e r e fo r e  h igher  a d so rp tiv e  cap acity  o f  the c h a r ­
co a l  at the n ear  n eu tra l pH than at the ac id  pH.
This study h as shown that c h a r a c te r is t ic s  of the sp e c if ic  toxin  
r e c o v e r e d  fro m  d is e a s e d  ex tr a c ts  a r e  quite s im ila r  to th ose  of v ic to r in  
and tend to lend  ev id en ce  that the 2 tox in s  a r e  id e n t ic a l .  The follow ing  
c h a r a c te r i s t ic s  a r e  shown by  both tox in s;  (1) th ey  a re  sp e c if ic  to V ic to r ia  
d e r iv a t iv e s ,  in th is  c a s e  V ic to rg ra in ,  (2) th ey  can be ad sorbed  on c h a r ­
c o a l ,  (3) they  a re  heat stab le  when a c id ,  (4) th e ir  m ajor tox ic  e f fe c t  i s  
inhibition o f  root growth of su sc e p t ib le  v a r ie t i e s .  S im ila r  c h a r a c t e r i s ­
t ic s  of the 2 to x in s  ind icate  that the s p e c if ic  toxin  ex tra cted  from  d is e a s e d  
V ictorgra in  i s  produced  by the fungus. C o n c lu s iv e  p roof that the sp e c if ic  
tox in  i s  id en tica l  with v ic to r in ,  the toxin  produced  by H. v ic to r ia e  in culr  
tu r e ,  w il l  depend upon id en tif ica tion  o f the in v ivo  tox in  by p u r if ica t io n  
s tu d ie s .
The s p e c if ic  toxin  cou ld  not be r e c o v e r e d  from  d is e a s e d  p lants  
during the su m m e r  and e a r ly  fa ll  m o n th s . Infection  fo llow ed  by str ip ing  
of the le a v e s  o c c u r r e d  n o r m a lly .  T his  d oes  not m ea n  that the toxin  is  
not produced  during th is  t im e .  It i s  p o s s ib le  that e ither  the toxin i s  s t i l l
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p ro d u ced  and the h igh  te m p e r a tu r e  dui’ing  the s u m m e r  and f a l l  m o n th s  
d e s tr o y s  the tox in  b e fo r e  it can  a c c u m u la te  in  the c e i l s  in a  quantity  
su ff ic ie n t  to be d e te c te d  o r  that due to a change in  the  p h y s io lo g y  of the 
plant the tox in  p ro d u ced  b y  the fungus m a y  a lso  be  a l te r e d  to a d i f f e r ­
ent fo r m  w h ich  cou ld  not be d e te c te d  by i t s  e f fe c t  on ro o t  grow th .
IX. S tud ies  o f In te r m e d ia te  R e a c t io n s
S tu d ies  of the r e a c t io n s  to v ic to r in  of 2 v a r i e t i e s  of o a ts  s u s ­
c e p t ib le  to H e lm in th o sp o r iu m  b ligh t in d ica te  that w ith in  t h e s e  v a r i e t i e s  
in d iv id u a ls  o ccu r  w h ich  cannot be c l a s s i f i e d  a s  r e s i s t a n t  or s u s c e p t ib le ,  
in s te a d  th e y  a r e  in te r m e d ia te  in  th e ir  r e a c t io n  to v ic to r in .  Of the  2 
v a r ie t i e s  t e s t e d ,  A r lin g to n  had m o r e  s e e d l in g s  show ing  th is  in te r m e d ia te  
r e a c t io n  than did V ic to r g r a in .  The A r lin g to n  v a r ie t y  a ls o  con ta in ed  
s e v e r a l  r e s i s t a n t  s e e d l in g s  w h ereas V ic to r g r a in  d id  n o t .  A s  w a s  p r e ­
v io u s ly  s ta te d ,  the c o n c e n tr a t io n s  o f  v ic to r in  u se d  w e r e  such  that th e  
grow th  o f  the c o m p le te ly  s u s c e p t ib le  s e e d l in g s  would be  in h ib ited  and  
o n ly  th o s e  s e e d l in g s  w hich  w e r e  r e s i s t a n t  or  in te r m e d ia te  w ould  s u r ­
v iv e .  A s  in d ica ted  b y  the d ata , the s u r v iv in g  p la n ts  show ed  v a r y in g
i
d e g r e e s  and ty p es  o f  grow th .
In p r e v io u s  s tu d ie s  (4, 5 , 27) v a r io u s  w o r k e r s  h a v e  b e e n  a b le  to 
b r e a k  the c l o s e  l in k age  of the gen e  for  r e s i s t a n c e  for cro w n  r u s t  and the 
g en e  for s u s c e p t ib i l i t y  to H e lm in th o sp o r iu m  b lig h t.  In such  the m a jo r i t y  
o f  b ligh t r e s i s t a n t  m u ta n ts  h ave  b e e n  s u s c e p t ib le  to crow n  r u s t  but a  
c e r ta in  p e r c e n ta g e  of th e s e  m u tan ts  h a v e  g iv en  in te r m e d ia te  r e a c t io n s
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to crow n r u s t .  Konsalc (5) su g g e s te d  fro m  h is  r e s u lt s  with irra d ia tio n  
that a c o m p le x  gen etic  lo c u s ,  p erh ap s  s im i la r  to the R lo c u s  in m a iz e  
studied  by Stadler (21), i s  r e s p o n s ib le  for the V ic to r ia  type rea c t io n s  
to the crow n  r u st  fungus and to_H. v i c t o r ia e .
E v id e n c e ,  although not c o n c lu s iv e ,  h as  b een  obtained in  th e se  
stu d ies  w hich  in d ic a te s  that s e e d lin g s  having an in ter m ed ia te  rea ct io n  
to H. v ic to r ia e  a lso  e x is t .  In th e se  s tu d ie s ,  h o w e v e r ,  v ic to r in  and not  
the fungus w as  u se d  to d eterm in e  th e se  r e a c t io n s .  If it  i s  a s su m e d  that 
the lo c i  of the gene for r e s i s t a n c e  to ru st  and the gene for b light s u s ­
c e p t ib i l i ty  a r e  co m p o sed  of s e v e r a l  subunits or  e l s e  s e v e r a l  m in or  g en es  
v e r y  c lo s e ly  spaced  and that th e se  m utants a r i s e  fro m  sm a ll  d e le t io n s  of  
a l l  or p a rts  of th e se  lo c i  then we should be ab le  to obtain a l l  p o s s ib le  
com b in ation s  o f su sc e p t ib i l i ty  and r e s i s t a n c e  to both d i s e a s e s .  Such a 
c o m p le x  lo c u s  a s  d e s c r ib e d  for each gene is  i l lu s tr a te d  in F ig u r e  5.
A s shown in F ig u r e  5, b rea k s  at A and G would c a u se  a d e le t ion  
involv ing  the co m p le te  lo c u s  for r u s t  r e s i s t a n c e  as w e l l  a s  the com p le te  
lo cu s  for su sc e p t ib i l i ty  to H . v ic to r ia e .  Such a d e le t io n  would g ive  r i s e  
to a m utant r e s is ta n t  to H. v ic to r ia e  and su sc e p t ib le  to the crow n ru st  
fungus. B r e a k s  o c c u r r in g  at D and G would c a u se  a d e le t io n  involving  
on ly  the lo c u s  for blight su sc e p t ib i l i ty .  Such a d e le t ion  would g ive  r i s e  
to a m utant having r e s i s t a n c e  to both d i s e a s e s .  T h ese  two types of  
m u ta n ts ,  as  w e l l  as  o th e r s  showing in ter m ed ia te  r e a c t io n s  to r u s t ,  
have b een  obtained . No p r e v io u s  data have shown m utants p o s s e s s in g  
in te r m e d ia te  r e a c t io n s  to H . v ic to r ia e .
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A B C  D E F G
A  d ia g r a m a t ic  s c h e m e  to ex p la in  the fo r m a t io n  o f m u ta n ts  
show ing  r e s i s t a n c e ,  s u s c e p t ib i l i t y  or in te r m e d ia te  r e a c t io n s  
to cro w n  r u s t  and H e lm in th o sp o r iu m  b ligh t.
SUMMARY
An attem pt w as m a d e  to i s o la t e  a tox in  fr o m  V ic to r g r a in  o a ts  
in fe c te d  with H e lm in th o sp o r iu m  v ic to r ia e  w hich  would h e  s im i la r  to the 
in  v itr o  toxin  " v ic t o r in ,11 that i s  p rod u ced  by  the fungus.
1. T h ree  to x in s ,  d e te c te d  by th e ir  inh ib it ion  o f  ro o t  grow th to
V ic to r g r a in  and C a m e ll ia  s e e d l in g s ,  w e r e  r e c o v e r e d  in e x tr a c ts  
f r o m  V ic to r g r a in  oa ts;
a .  a n o n sp e c i f ic  tox in  p r e s e n t  in h e a lth y  plant e x tr a c ts
b . an add itional n o n sp e c if ic  toxin  p r e s e n t  in  d i s e a s e d  plant e x tr a c ts
c .  an additional tox in  p r e s e n t  in  d i s e a s e d  e x tr a c t  w hich  w as  s p e c i f ic  
for V ic to r g r a in  o a t s .
2. The toxin  of h ea lth y  p lan t  e x tr a c ts  (or n a tura l p lant to x ic ity )  w a s  c o n ­
s is t e n t ly  r e c o v e r e d ,  w h e r e a s  the n o n sp e c if ic  and the s p e c i f ic  to x in s  
in d is e a s e d  e x tr a c ts  cou ld  not be r e c o v e r e d  during the su m m e r  and  
e a r ly  fa l l  m o n th s .
3. The s p e c if ic  toxin  w as  s im i la r  to v ic to r in  in that it (1) w as  h ea t  s ta b le
at 78° C when a c id ,  (2) i t  cou ld  be a b so r b e d  onto c h a r c o a l ,  (3) it w a s  
s p e c if ic  for V ic to r g r a in  and (4) i t s  t o x ic ity  w a s  exh ib ited  through i t s  
inh ib it ion  of roo t  grow th  of the su s c e p t ib le  s e e d l in g s .
S e v e r a l  in v e s t ig a to r s  h a v e  b een  s u c c e s s fu l  in b rea k in g  the l in k a g e  
o f  the gene for crow n  r u s t  r e s i s t a n c e  (of the V ic to r ia  type) and the gene  
for b ligh t s u s c e p t ib i l i ty .  T h e se  "m utants" have  b een  b light r e s i s t a n t  w ith
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the m a jo r ity  showing a su scep tib le  rea ct io n  to crow n r u s t ,  w h ereas  a 
sm a l le r  p ercen ta g e  gave an in term ed ia te  rea ct io n  to the crown rust  
o r g a n ism . An attem pt was m ade in th ese  stud ies  to obtain seed lin g s  
from  su scep tib le  v a r ie t ie s  which w ere  in term ed ia te  in their  r e a c t io n s  to
H. v ic to r ia e . This was a cc o m p lish e d  by  subjecting V ictorgra in  and 
A rlington  oat v a r ie t ie s  to concentrations of v ic to r in  suffic ient to inhibit  
growth of a ll  c o m p le te ly  su scep tib le  s e e d l in g s ,  thus allow ing on ly  the 
r e s is ta n t  and the in term ed ia te  seed lin g  to su rv ive .
I .  F ro m  a to ta l of 3 ,6 0 0  V ictorgra in  and 3 ,4 5 0  A rlington  seed lin g s  
trea ted  with v ic to r in  on ly  37 V ictorgra in  and 100 A rlington  seed lin g s  
showed an in term ed ia te  rea ct io n . Further stud ies  w ere  m ade on 35 
of the V ictorgra in  see d lin g s  and 71 of the A rlington  se e d lin g s .  The 
m a jo r ity  of the s e le c t io n s  show ed su scep t ib le  ru st  r e a c t io n s ,  h ow ­
ever  rea c t io n s  of typ es  1 and 2 w ere  encountered .
2. F r o m  th ese  s e le c t io n s  on ly  2 A rlington  see d lin g s  continued to g ive
in term ed ia te  r ea c t io n s  to v ic to r in .
3. The author is  in a g reem en t  with the suggestion  of Konzak that a
co m p lex  lo cu s  m a y  contro l the rea ct io n s  to crown ru st  and H. 
v ic to r ia e .
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